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INTRODUCTION 

The principal source of freshwater in southeast Florida is the surficial aquifer 
system. The Biscayne aquifer, Ihe major and only formally named aquifer of this 
system, is a highly perineable limestone and sandstone unit that occurs at or near 
land surface in most of Broward County (Parker and others, 1955). In Broward 
County, unnamed hydrogeologic units of low to relatively high permeability 
were penetrated below the Biscayne aquifer and laterally where il pinches out. 
These unnamed hydrogeologic units are hydrologically contiguous wilh Ihe Bis
cayne aquifer and, logelher, they constitute the surficial aquifer sysiem. The 
base of Ihe surficial aquifer syslem is delineated al lhe lop of a thick sequence of 
a reiaiively impermeable clay and siit unit in the lower part of the Tamiami For
mation or in (he Hawthorn Formation. 

This repori describes ihc geologic framework of the surficial aquifer syslem in 
Broward Couniy, Fla. (fig. 1). It is pari of a long-term intensive study begun by 
the U.S. Geological Survey in 1979, in cooperation wilh the South Florida Waler 
Managemeni District, lo describe the geology, hydrologic characteristics, and 
the ground-water quality of the surficial aquifer syslem in southeast Florida. 

Twenty-seven test wells were drilled completely through the surficial aquifer 
system and into thc underlying, relatively impermeable, unils of the Hawthorn 
Formation lo obtain the data needed to describe the geology of Ihe surficial 
aquifer syslem. The lest wells were drilled by the reverse air, dual wall melhod. 
This method provided geologic samples superior to those obtained by most olher 
methods in that Ihe samples were uncontaminated by drilling fluid and were 
large enough for describing sedimentary and petrographic characteristics. Detail
ed lithologic logs were made from rock cuttings and cores obtained from these 
wells and are presenicd in this report. These logs were used lo prepare geologic 
sections ihai show the lilhologic variations, thickness of Ihe lithologic units, and 
differeni geologic formations Ihal comprise the aquifer system. 

MKTHODS 

The lithologic logs were made from microscopic examination of the well cul-
tings and cores collected during lhe drilling phase. Other melhods, such as stains, 
dilute hydrochloric acid tests, and petrographic thin sections, were used when 
additional aid in ideniifying and describing the sample was needed. Folk's 1962 
classificalion of carbonate rocks was used in classifying rocks wilh a calcium car
bonate content of 50 percent and greater {Folk, 1968). The standard Wcnlworlh 
terrigenous grain-size classification {Peitijohn, 1957, p. 27) was used in classify
ing sediments and rocks consisting of less than 50 percent calcium carbonate. A 
modifying term was added to thc description of the terrigenous samples if a 
foreign si;e contuni greater than 10 percent was presenl. A silly sand contains 
over 10 perccnl sill, a clayey sill coniains over 10 perceni clay, and a sandy clay 
contains over 10 percent sand. The same principle was utilized for carbonate 
rocks, so thai a sandy limesione contains more than 10 perceni sand. The 
percentage of a given constituent was determined by using the "Comparison 
Chart for Visual Percentage of Eslimalion" from Terry and Chilingar (in 
Schol le , 1978. 
p. x). The constituent rock fragments (RF) found in some samples are noled in 
the lithologic descriptions in the abbreviated form RF. The colors indicated by 
the chart numbers in parenthesis are based on the "Rock-Color Chan" by God-
dard and others (1948) and were assigned while the samples were damp. 

GEOLOGY 

Thc surficial aquifer syslem in Broward Couniy is composed of limestone, 
sandstone, sand, shell, limemud, sill, clay, and an admixture of these materials. 
These sediments were deposited during the Pliocene through Pleistocene Epochs 
(Parker and olhers. 1955. p. 160) and were assigned lo the following general 
stratigraphic sequence from bottom to lop, however, some units are equivalent: 

r-^\ k t,„^ \^.,r\ Fnri Thomnson Formation. Key 
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ixja^se'io very fine grained but is moderately to well sorted loward the mediuriT 
saiid-si/.e iVaciion. This sand ranges in thickness from a minimum of 5 feet to a 
maximum of 52 feel in the vicinity of well G-2327 (sheet 2, sections D-D' and 
G - C ) . This sand was called the Pamlico Sand by Parker and Cooke (1944, 
p. 75). 

In test well G-2347 (sheel I, seclion C-C) , a 13-foot thickness of the oolitic 
and bryozoan limesione facies of the Miami Oolite occurs at land surface. Well 
G-2347 was Ihe only well drilled during this investigation thai penelrated the 
Miami Oolite. Petrographic ihin sections made from ihis limestone show ihal 
fine-grained angular quartz forms the nuclei of Ihe ooids. A 20-fool layer of 
fine-grained quarlz sand lies below ihe oolitic limesione. The sand grades into 
clay and limemud toward its base and contains approximately 3 to 10 percent 
ooids. This sand layer is considered in this report lo be a part of the Miami 
Oolite. 

The Key Largo limesione underlies this sand unil in well G-2347 and also was 
penetrated near the coast and southeast Broward County in wells G-2327, 
G-2328, and G-2344. The Key Largo is a highly crystalline, reefal limestone 
deposit Ihal contains corals (including Monaslrea sp.), Halimeda fragments, and 
mollusks. 

Below the Pamlico Sand and interfingering with the Key Largo limesione and 
Miami Oolite in easi Broward Couniy are numerous layers and lenses of sand, 
shelly sand, shelly and nodular sandslone, and sandy limesione. These inler-
bedded materials are pari of the Anastasia Formalion and are ihickesi in the 
northeaslem part of lhe couniy where the Anastasia Formalion is over 180 feel 
below land surface. The Anastasia Formalion thins loward the central and 
southern parts of lhe couniy where il interfingers wilh the Fort Thompson For
mation. Lying unconformably benealh ihese sediments are ihin layers of 
limestone of ihe Tamiami Formalion (similar lo Ihal found in wesl and cenlral 
Broward Couniy) interbedded wilh a sandslone and sand facies of Ihe same for
mation. These materials are underlain by a relalively impermeable silt unit that is 
of Miocene age (F.W. Meyer, U.S. Geological Survey, oral commun., 1983) and 
whose top forms Ihe base of Ihe surficial aquifer sysiem in east Broward Couniy. 

In the coastal areas (sheel 2. seclion H-H ') instead of the silt unit, Ihere occurs 
a loosely cemented, pale-green limesione which is probably of Hawthorn age; it 
was encountered at depths ranging from 300 to 480 feet below land surface. The 
limesione consisis of fossiliferous micrites and iniramicriies ihal are abundant ir 
mollusks and planklonic foraminifers. This limestone unil is the base of Ihe 
aquifer syslem in the coastal areas (J.E. Fish, U.S. Geological Survey, oral com
mun., 1983). 
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WATER RESOURCES OF BROWARD COUNTY, FLORIDA 

By 
C. B. Sherwood, \i . J. McCoy, and C. 1-. Gallihcr 

ABSTRACT 

Broward County has large potential supplies of fresh waler because of ils 
almost 60-inch annual rainfall and its massive man-made surface-wafer 
management system iiilegrated with the highly permeable Biscayne aquifer. 
However, the rapid urbanizalioii of thc area has been,accompanied by major 
natural and man-made water problems, most of which intensify with 
mushrooming population. Natural problems of flood and drought are caused by 
extreme variations in rainfall tliat range from as rnuch as 20 inches per day 
during the rainy season to little or none for extended periods in the dry season. 
Man-made problems include contamination by sea-water intrusion or by 
man-made wastes and inanagcinent of water resources so thai maxiniuni 
long-term supplies can be developed. Although the development of adequate 
supplies for all needs will become a more critical problem in the future, 
contamination is the chief threal to present supplies. 

Surface water is derived froiTi rainfall, ground-water inilow, and releases 
and seepage from interior water conservaiion areas. The quality of lhe surface 
waters is initially good but variable; mineral content generally does not exceed 
500 nig/l (milligrams per liter). 

Although the surface-water supply is large it is variable because of the 
seasonal nature of the rainfall. Also losses from the system are high: of the 60 
inches of annual rainfall, an average of 42 inches is lost by evapotranspiration, 
and during 1963-68, i ,300 cfs (cubic feet per second), about 840 mgd (million 
gallons per day), was lost by seaward flow from the eight primary canals. 
However, since the late 1950's, water managemeiU has greatly reduced the 
seaward flow. Tlie average annual flow from tlie Hillsboro and North New River 
Canals reduced by approximately 260 cfs and 375 cfs, respectively. 

The unconfiiied Biscayne aquifer is the source of all fresh ground water in 
Broward County, l i i . C'luifer is composed chiefly of limestone, sandstone, atid 
sand which range in age i.- oi late Miocene through thc Pleistocene. The aquifer 
extends from the surface to a depth of about 200 feet along the coast, tliins 
westward to a depth of about 70 feet in centra! Broward County and pinches 
out near the west county line. Wells that lap thc thick limestone in thc deep part 
(IOO or more feet) of the aquifer near the coast yield more than 1,000 gpm 
(gallons per minute). The transmissivity of the aquifer ranges from 0.4 mgd per 
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foot in the northern part of the county to 2.5 mgd per foot near the southern 
part. The quality of the ground water is generally within the standards for 
potable water. It is a hard, calcium bicarbonate type, and in the southeastern 
part of the county it contains iron in objectionable concentrations. 

Aquifer re pleni shine nt is by local rainfall and seepage from controlled 
canals and from the water conservation areas. Losses are by evapotranspiration, 
by ground-water flow to canals and the sea and by pumping from wells. Of the 
60 inches of annual rainfall approximately 17 inches enters the aquifer, of which 
less than 2.5 inches is withdrawn by water users, and about 14.5 inches is 
discharged to the sea-13.5 inches through the canals and about I inch by 
ground-water outflow along the coast. During extended dry periods when 
withdrawals are greatest recharge is only available from the canals. 

The confined Floridan aquifer extends from a depth of about 900 feet to 
more than 3,000 feet and is overlain by a 500-to 600-foot section of clay, silt 
and marl of low permeability. Although water in wells lapping the Floridan 
aquifer will rise almost 40 feet above msl (mean sea level) and flow as much as 
2,000 gpni, the water is not potable. Nevertheless, the water quality is adequate 
for such purposes as cooling or desalination and the aquifer has potential for 
storing fresh water or for effluent disposal. 

Tlie greatest inland penetration of sea water into the Biscayne aquifer is in 
the vicinity of the greatest concentration of tidal canals. This intrusion can be 
effectively controlled by the construction of salinity control structures in the 
canals and maintaining adequate fresh-water levels upstream. 

Man-made contamination has occurred in both ground and surface waters. 
Surface-water contamination appears more serious because of the introduction 
of large quantities of effluent waste into thc waterways. Although evidence of 
man-made contaminants was detected in all canals, levels of nutrients, BOD 
(biochemical oxygen demand), and pesticides were highest and levels of 
dissolved oxygen were lowest in the North Fork New River-Plantation Canal 
(C-l 2) system which receives large quantities of treated sewage effluent and has 
a relatively low flow. Coliform bacteria in most canals sampled during June 1968 
were above the criterion of the Florida Pollution Control Department for 
recreational waters (2,400 coliform colonies per 100 milliliters). The dissolved 
oxygen content ranged from 0.2 to 8.2 mg/l. Generally, relatively low levels of 
dissolved oxygen are common throughout Ihe Broward canal system. More than 
half the 45 area-wide samples conlained less than 4 mg/l, and nine samples less 
than 2 mg/l. Levels of pesticides defected in water in thc canal network are 
extremely low; however, pesticides are concentrated manyfold in the bottojn 
sediments. 
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Water use in Broward County is increasing at a faster rate than population, 
and complete urbanization will ultimately require the development of the 
maximum possible water supplies. More than 32 municipal and privately owned 
water utilities furnish about 32 billion gallons of water per year (88 ingd on the 
average) for a permanent population of 500,000, a peak tourist season 
population of 890,000, and most commercial use in the county. The largest 
utility, Ft. Lauderdale's, furnishes a peak supply of more than 60 mgd to a 
maximum population of 160,000. Urban water use is greatest, about 150 mgd, 
during the winter tourist season which coincides with the dry season when 
domestic and recreational use is maximum and lawn irrigation is heavy. 
Irrigation use is Uttle noted because ofthe booming urban activity. However the 
lolal irrigation use is lugh, almost equal to the 32 billion gallons per year urban 
use. Most of the industrial water used, more than 1.5 bgd (billion gallons per 
day) is salty water for cooling at the two power plants; fresh-water industrial use 
is estimated to be 35 mgd. Public water needs by 1985 may be as much as 80 
bilhon gallons per year, an average of about 220 mgd. Current data (1971) 
indicate that peak day needs are commonly as much as twice the average daily 
demand. If use by agriculture aiid industry increases in proportion lo public use 
it would amount to 330 ingd in 1985 and total water use would average about 
550 mgd. 

INTRODUCTION 

The explosive urbanization of Broward County has been accompanied by 
numerous natural and man-made water problems. Natural problems of flood and 
drought are caused by extreme variations in rainfall that may range from as 
much as 20 inches per day during hurricanes in the rainy season, to little or none 
during many months in the dry season. Man-made water problems include: 
sea-water intrusion that resulted from overdrainage of the area; obtaining 
adequate water supplies for the mushrooming population; and pollution caused 
by the disposal of increasing quantities of wastes. 

The threat of sea-water intrusion into muir^ îpal well fields is a historic 
problem. As large amounts of fresh water were \;;inoved by drainage for 
ubanization, regional fresh-water levels declined and sea :'ater advanced up the 
canals and moved inland through the aquifer during dry periods. This insidious 
invasion of salt water is an ever-present danger to the fresh-water supply of well 
fields near the coast. 

The demand for water in Broward County is constantly increasing, owing 
to the rapid growth in population. State and County planners indicate this 
growth is destined to continue, and if projections are reasonably accurate, the 
demand for fresh water will more than double witliin the next 15 years. 
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Figure 3. Distribution of rainfall by months and the annual rainfall, 
1943-68, at thc North New River Canal at the Broward - Palm 
Beach County line. 
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HYDROLOGIC SETTING 

CLIMATE 

The climate of Broward County is semi-tropical marine, characterized by 
warm humid summers and mild dry winters. Mean annual temperature is 73° F, 
wilh infrequent extreines of temperature ranging from 29° F to 96° F (U. S. 
Department of Commerce, 1968). The climate is tempered by prevailing 
southeast winds, which bring warm moist air from the ocean, and by the Gulf 
Stream which passes within a few miles of the shoreline. January is usually the 
coldest month, averaghig about 68° F and August is usually the hottest, 
averaging 83° F. 

The average annual rainfall in the county ranges from about 52 inches in the 
western sector to as much as 60 inches along the coast. Wide differences in 
yearly totals have been recorded; in some years the rainfall is only 30 inches, in 
others, more than 100. 

Rainfall is unevenly distributed throughout the year; about 75 percent of 
the rain falls in June - October. January is usually the driest month with an 
average rainfall of about 2 inches; Septeinber is usually the wettest month with 
an average rainfall of about 8.5 inches. For example, the average monthly 
rainfall at Fort Lauderdale and Boca Raton in January is 2.20 and 2.62 inches; 
in September, 8.98 and 8.16 inches (table 1). Rainfall is often unevenly 
distributed geographically. For example, on October 14-15, 1965, 25 inches of 
rain fell at a coastal yacht basin in Fort Lauderdale and less than 5 inches fell at 
an agriculture station 8 miles inland. 

Annual rainfall at North New River Canal al Palm Beach - Broward County 
line (pumping station S-7) during a 26-year period averaged 52.10 inches; was 
76.47 inches in 1947 and 30.40 inches in 1949 (fig. 3). Rainfall during that time 
was above average 57 percent of thc time, and exceeded 70 inches 10 percent of 
the time (fig. 4). 

TOPOGRAPHY AND DRAINAGE 

The land sirrface slopes almost imperceptibly to the southeast. Land 
surface ranges froin about 13 feet above msl (mean sea level) in the northwestern 
part of the county to less than 5 feet in the southern part. Most ofthe land is 5 
to 10 feet high; some is higher along the coastal ridge which parallels the 
seacoast 2 to 3 miles inland. The coastal ridge is about 22 feet above msl in the 
Pompano Beach - Deerfield Beach area. Wesl of the coastal ridge, the Everglades 
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The present day drainage Is largely controlled by the system of canals of 
the FCD (fig. 5), the Broward Water Resources Department, and the various 
local drainage districts. In 1953, with the completion of the FCD Icvec barrier 
along the east border of the Everglades, the county was divided into two 
distinctly different land use areas; a 410-square-miIe area east of the levee, 
suitable for urban use and agriculture, and an area of 810 square miles west of 
the levee, suitable only for waler conservation, recreation, and as a wildlife 
refuge. 

The primary canals of the FCD are, generally, controlled improvements to 
natural drainageways that have been extended to Lake Okeechobee. Secondary 
canals affect smaller areas between primary canals and the direction of drainage 
in these areas is dependent on local topography and water control. 

GEOLOGY 

The most common materials in Broward County to a depth of 
approximately 300-400 feet are sand and limestone, which range in age from 
Pleistocene to late Miocene. This 300-to 400-foot section is called the Biscayne 
aquifer and it contains all the fresh-water-bearing materials in Broward County. 
The Biscayne aquifer is discussed in detail in the section on ground water (p. 
85). Underlying the Biscayne aquifer is a 500-600 foot section of marl and clay 
of Miocene age. Below this bed is the Floridan aquifer. This aquifer, composed 
chiefiy of limestones, dolomites, and evaporites which range in age from early 
Miocene to early Eocene, extends to depths of more than 3,500 feet, and 
contains highly mineralized waler. Similar materials which are not generally 
considered part ofthe Floridan aquifer extend to depths of more than 15,000 
feet. 

SURFACE-FLOW SYSTEM 

In Broward County large quantities of surface water flow seaward in a 
system of controlled canals or are stored in the FCD conservation areas. Flow to 
the ocean from eight primary canals (fig.l), for 1963-1968, averaged more than 
1,300 cfs (cubic feet per second), or more than 306 billion gallons per year. 

The supply is variable because of the seasonal nature and annual variability 
of rainfall (fig. 3). In addition, losses from the system are very high. 
Evapotranspiration losses account for as much as two-thirds of the annual 
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rainfall. Although little surface water is used directly, except for irrigation, large 
quantities replenish the aquifer in coastal areas during the long dry periods. 

WATER MANAGEMENT 

HISTORY 

Maps of the 1850's show the Broward County area as a vast swampy 
wilderness, virtually uninhabited except for a narrow strip along the coast. This 
coastal ridge acted as a natural barrier lo the seaward flow of waler from the 
Everglades. Drainage of the eastern part of the Everglades was started as early as 
the 1850's. However, drainage was not effective unlil 1906, when the EDD 
(Everglades Drainage District) began a dredging program. Between 1906 and 
1927, under the direction of EDD,440 miles uf canals were dug, 47 miles of 
levees were constructed, and 16 dams and locks were installed. 

When the EDD project was completed in 1928, four ofthe major drainage 
canals connecting Lake Okeechobee to the ocean and numerous secondary 
canals formed the framework of the present drainage system for Broward 
County. The four major canals included the Hillsboro, Miami, and the North and 
South New River Canals, and the secondary canals included Pompano, Middle 
River, Plantation, and Snake Creek Canals. This network of canals did much to 
open up new land in the eastern part of the county, but it was apparent that 
natural flow was inadequate to preveni flooding from rainstorms of high 
intensity. 

Because of tliis inadequacy and more directly because of the public 
reaction to the flood of 1947, the Florida Legislature created the FCD in 1948 
as a public corporation with jurisdictional control over the surface-water 
resources of the 17 counties comprising the district. In addition to the primary 
objectives of flood control and water conservation, the project was designed to 
prevent overdrainage, permit additional urban and agricultural development, 
prevent salt-water intrusion, provide ground-water recharge, and improve fish 
and wildlife conservation. The FCD has been in thc process of attaining these 
objectives since it was formed and although still incomplete, tlieir effects have 
been noted in all ofthe 17 counties. 

A major project was the construction ofa levee from Lake Okeechobee to 
South Dade County to divert interior flood waters away from the coastal areas 
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The next major project was the creation of the Water Conservation Areas 
to store the diverted waler and provide a reserve supply for the dry months 
because southeastern Florida was lacking in natural water-storage basins. 

WATER-CONSERVATION AREAS AND PUMP STATIONS 

Water-conservation areas cover parts of Palm Beach, Broward, and Dade 
Counties, and have a total area of 1,340 square miles, 787 square miles of which 
are in Broward County (fig. 5). To provide better water control, the areas are 
divided into five interconnected pools, each enclosed by levees 10 to 15 feet 
high. Tlie pools are designated by number from north to south as 
Water-Conservation Areas 1, 2A, 2B, 3A, and 3B (fig. 5). All except area 1 lie 
wholly or partly within Broward Couniy. Under FCD staging, flow will gravitate 
from Water-Conservation Area 1 to 2A, from 2A to 2B and 3A, and from 3A to 
3B. Flow interchange between all areas is regulated by gated controls or stoplog 
spillways. The regulation schedules in the conservation areas vary during the year 
as levels are lowered before the hurricane season. Levels scheduled for 
conservaiion areas 1, 2 and 3 are 15-17 feet, 13-14.5 and 9.5-10.5 feet above msl 
respectively, and corresponding storage capacities are 59,500-293,000 acre-feet, 
201,000-366,000 acre-feet, and 560,000-1,01 5,000 acre-feet, respectively. 

Major components of the FCD system are 17 pump stations planned or 
completed in the system. Four of these, S-7, S-8, S-9, and S-13 (fig. 5) are now 
operating in Broward County. 

S-7 is on the North New River Canal at the Palm Beach - Broward County 
line, in the westernmost corner of Water-Conservation Area 2A. It is equipped 
with an electrically operated sluice gate and three 895 hp diesel powered pumps 
capable of pumping 2,490 cfs or 1,609 mgd (see photograph, fig. 6). S-7 is 
designed to remove three-i'ourths of an inch of runnoff per day from a 
125-square-niile area north of the county line and discharge il into 
Water-Conservation Area 2A. 

S-8 is on the Miami Canal, also at the Palm Beach - Broward County line, 
and in the northwest corner of Water-Conservation Area 3A. S-8, like S-7, has a 
sluice gate for water-level control, but it is equipped with four 895 hp diesel 
powered pumps. Their combined capacity is 4,160 cfs or 2,689 mgd. S-8 is 
designed to remove three-fourths inch of runoff per day from a 
208-square-inile-area north of the county line and discharge it into 
Water-Conservation Area 3A. 

S-9 is on the South New River Canal at its junction with Levee 33 and 37, 
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BISCAYNE AQUIFER 

The Biscayne aquifer is the source of all fresh ground water in Broward 
County and is composed chiefly of limestone, sandstone and sand (figs. 26-28) 
of marine origin which range in age from (oldest to youngest) late Miocene 
tlirough Pleistocene. The aquifer is generally more than 200 feet thick along the 
coast in Broward County, and 350 feet at one point in Pompano Beach. The 
tliickncss of the consolidated limestone sections and the permeability of the 
aquifer as a unit generally decrease to the north. The aquifer also thins westward 
to about 70 feet at U. S. 27 in central Broward County and wedges oul at the 
surface near the Collier - Broward County line. 
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Figure 27. Lithologic logs along line B-B' in figure 29. 
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Most of the limestone beds in the Biscayne aquifer are capable of yielding 
large amounts of water to wells. Wells that tap the thick limestone in the deeper 
part (100-foot depths or more) near the coast, commonly yield more than 1,000 
gpm (gallons per minute). Most of the municipalities obtain water from the 
deeper part of the aquifer. 
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Figure 28. Lithologic logs along line C-C in figure 29. 
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Figure 29. Location of test holes and lines of lithologic logs in eastern 
Broward Coimty. 

RECHARGE AND DISCHARGE 

Infiltration of rainfall through surface materials and seepage from 
controlled canals and the conservation areas are the principal means of 
recharging the Biscayne Aquifer. Recharge by rainfall is greatest during thc rainy 
season from June to November. Recharge from canals is greatest during the dry 
season, December to May, when canal levels are higher than adjacent water levels 
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in the aquifer. Discharge from the aquifer is by evapotranspiration, by 
ground-water flow to canals and to the sea, and by pumping from wells. Discharge 
by ground-water flow and by evapotranspiration are greatest after periods of 
rainfall when water levels are high; discliarge by pumping from wells is greatest 
during the dry season as a result of the influx of tourists and heavy irrigation use 
when water levels are low. WeU yield is only a small part of the total discharge 
from the aquifer, but during thc dry season its importance is amplified because it 
occurs when total recharge and aquifer storage are smallest. 

The average annual rainfall of about 60 inches if distributed evenly over 
the county would be equivalent to about 3,400 mgd. Evapotranspiration from 
surface waters would return about 22 inches (1,250 mgd) to the atmosphere. 
Evapotranspiration from the water table would return an additional 20 inches 
(1,130 mgd) to the atmosphere (fig. 30). A very small part, probably little more 
than 1 inch (60 mgd), would run off direcfly to the canals. Ofthe remaining 17 
inches of water that enters the aquifer less than 2.5 inches is withdrawn for use 
and about 14.5 inches is discharged to the sea by coastal canals (13.5 inches) or 
ground-water outflow (I inch). These figures are highly generalized and do not 
take into account variations in rainfall due to both location and time and minor 
changes in aquifer storage. Also, although not shown in the diagram, water 
imported into the county by canals of the FCD system and introduced to the 
aquifer plays an increasingly important part in the total flow system. 

The foregoing summary indicates that much more water flows through the 
aquifer than is withdrawn for all types of use. However, it should be noted that 
water use is concentrated near the coast where supplies are most limited and that 
conditions depicted in the diagram do no persist throughout the year; during 
extended dry periods, when withdrawals are greatest, the only recharge available 
is from canals ofthe water-management system. 

WATER-LEVEL FLUCTUATIONS 

Water levels in the Biscayne aquifer fluctuate over a wide range in response 
to recharge or discharge and to a lesser extent to other factors such as tides, 
earthquakes, and changes in atmospheric pressure. Thc greatest fluctuations, as 
much as 5 to 10 feet per day, are caused by recharge from rainfall and by 
pumping; but gradual changes in water levels caused by evapotranspiration and 
normal ground-water outflow have an important effect on the ainount of wafer 
in storage in the aquifer. 

Ground waler is continually moving at rates dependent on the hydraulic 
gradient and the permeability of materials through which it moves. Ground 
water flows by gravity from areas of high water levels to areas of low waler 
Ipvfik. Tn a rpiifrirfi^d (jptiRp I n w vjntfv IPVPIE nrp iiijQnrinlpH n/i t l i Hicr'hni-op in-p'.i^ 
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flooding or a signlflcant rise in water levels that normally would have resulted 
from the heavy rainfall. Minor flooding occurred in the Pompano 
Beach - Deerfield Beach area where the rainfall was most intense. The canal 
network in existence at that time prevented a flood of major proportions. 
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f'igure 36. Water-level contour map of eastern Broward County under 
record high conditions, Nov. I, 1965. 

i Figure 35. Water-level contour map of eastern Broward County under 
record low conditions, May 5, 1971. 
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Belween 1959 and 1960, 12 new supply wells were drilled, increasing the 
capacity to about 25 mgd, and the drainage pattern of the well field area was 
changed hy the improvement of the Cypress Creek channel and its connection 
with the Pompano Canal. Control structures were installed on the bypass canal 
north and northeast of the well field. Tlie expansion ofthe well field moved the 
center of pumpage to the west, away from the tidal reach of the Middle River 
Canal. The improvement of the Cypress Creek drainageway provided a source of 
recharge closer to the well field. 

In 1965, Prospect Lake, about 1 mile west of the well field was 
incorporated into the municipal syslem as an auxiliary source of supply. Since 
1967, several additional supply wells were drilled near the lake. The effects of 
heavy withdrawals during the 1970-71 drought are shown in figure 40; water 
levels were lowered lo more than 5 feet below msl in the main well field and to 
more than 3 feel below msl in the lake area. A feeder canal, compleled in 1971, 
conveys fresh water from the Middle Wver Canal into the southern part of the 
well field area and provides additional protection against salt-water intrusion 
from the imcontrolled reaches of the Middle River Canal. 

The water-level contour maps show that the altitude ofthe water table can 
be controlled in most areas throughout the county, except during extreme 
floods or droughts. Abnormally high rainfall may cause flooding in some areas, 
whereas extended droughts may cause waler levels to decline to a critical 
position in well field areas. However, with proper planning and management, 
deleterious effects from these extremes may be held to a minimun. The local 
water-management needs that are most obvious include an improved secondary 
canal network with backpumping facilities for fiood control and water 
conservaiion during floods, and tlie seaward relocation of several critical salinity 
barriers for control of sea-water intrusion and aquifer replenishment during 
droughts. 

WELL DEVELOPMENT 

Wells can be drilled to almost any depth in the Biscayne aquifer 
throughout Broward County. Many small-diameter wells (2 inches or less) are 
hand-drilled in the surficial sands or shallow limestone to a depth of about 30 
feet. If the well is bottomed in sand, it is finished with a well screen (sandpoint). 
Surging the well with a 2 - inch pump will usually produce 40 to 60 gpm with a 
drawdown of water level of about 6 to 8 feet. If limestone or sandstone is within 
30 feet of the land surface, the well can be finished by driving the casing to the 
top of the limestone and drilling a few feet of open hole into the limestone. The 
yield of wells finished in this manner may be as much as 100 gpm with a 
drawdown of 1 to 5 feet. Most wells for private domestic supply and lawn 
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An early aquifer test using supply wells in the Fort Lauderdale Dixie well 
field indicated a transmissivity of 1.2 mgd per foot. In the Prospect well field 
test, selected municipal supply wells were pumped and other supply wells were 
used for observation of the water level responses; transmissivity ranged from 2 
to 3 mgd per foot. The apparent storage coefficient was approximately 0.015, 
and the leakage coefficient was about I gpd per square foot per foot of head 
differential. 

Muncipal supply wells were also used for tests in the Pompano Beach and 
Deerfield Beach aquifer tests. In the Pompano Beach test, transmissivity and 
storage coefficients were 1.4 mgd per foot and 0.34, respectively. The leakage 
coefficient was not computed. At the Deerfield Beach test, transmissivity and 
storage coefficients were 0.4 mgd per fool and 0.0004, respectively. Geologic 
data indicales that the low values for the hydraulic characteristics in the 
Deerfield Beach test were due lo the development of the supply wells in a 
relalively tidn limestone bed in the upper part (80 feet) of the aquifer which is 
overlain by calcareous sands of low permeability. Additional wells, nearby, 
bottomed in a deeper (110 feet) and thicker limestone yield greater quantities of 
water with considerably less drawdown indicating higher values for the hydraulic 
characteristics. Thus it appears that the Deerfield Beach test is only 
representative of a small area, where the upper limestone aquifer is confined, 
while the aquifer in genera! is unconfined. 

The differences in tranmissivity for the four tests indicates that the 
potential for development of the Biscayne aquifer generally decreases in a 
northerly direction in Broward County. This is due primarily to a decrease in the 
permeability of the consolidated section of the aquifer as both the porosity and 
interconnection of (he pores spaces decrease with increased sand content in the 
limestone beds. The aquifer is thickest in the northeastern part of the county, 
but conversely, the transmissivity is the smallest. 

Water-level and aquifer-test data indicate that the Biscayne aquifer exhibits 
differeni characteristics under sialic condilions (nonpumping) than under 
pumping conditions. Under static conditions, the water level in a shallow well 
will be at the same elevation as the waler level in an adjacent deep well, 
suggesting that the entire aquifer is under unconfined conditions. However, 
when the deep (100-150 feet), highly permeable zones of the aquifer are 
pumped, water levels in deep wells as much as 1,000 feet away show an 
immediate rapid decline and the levels in shallow wells much closer to the 
pumping wells show no immediate effect. Levels in these shallow wells do show 
a long-term drawdown of several feet. Tlius, in aquifer tests of short duration 
(less than 24 hours) the zone in which the supply wells are developed reacts as a 
confined aquifer overlain and partly confined by a leaky roof of less permeable 
beds. 
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irrigation range in deplh from 40 to 60 feet. Drilling wells to these depths 
insures an adequate supply of water when water levels decline regionally and also 
less contamination from the land surface. 

Most wells 3 to 6 inches in diameter are drilled by jet percussion, cable 
tool, or rotary methods. Wells completed in unconsolidated material, are usually 
finished with screens or slotted well casing. However, most wells are drilled until 
a consolidated zone is reached, generally between 60-150 feet because the yields 
from these zones are higher than from unconsolidated zones. In the consolidated 
zones, wells are finished with 10 or 15 feet of open hole and yield as much as 
1,000 gpni with about 3 lo 6 feet of drawdown. 

Large diameter wells (8 to 12 inches) are usually drilled in municipal well 
fields and on large farms. Wlien these wells tap the lower limestones of the 
Biscayne aquifer near the coast, they generally yield more than 1,500 gpni with 
only 3 to 6 feet of drawdown. Some ofthe municipal wells are finished with as 
much as 40 feet of slotted casing surrounded by gravel packing to insure 
maximum yield and long-term use of thc well. 

HYDRAULIC PROPERTIES 

The principal hydraulic properties of an aquifer are its capacities to 
transmit and store water, which are generally expressed as transmissivity (Tlieis, 
1938, p. 892) and the storage coefficient. The most commonly used method for 
determining these properties is an aquifer test, whereby the lowering of water 
levels by pumping is related both to distance and to (ime. 

Aquifer tests have been made near the coastal reach of the Snake Creek 
Canal (Leach & Sherwood, 1963), and along Levee 30 (Klein and Sherwood, 
1961), in north Dade County, and in the Fort Lauderdale Dixie (Vorhis, 1948) 
and Prospect (Sherwood, 1959) well fields, and the Pompano Beach and 
Deerfield Beach well fields (Tarver, 1964). 

Transmissivity and storage coefficient were computed from the Snake 
Creek Canal tests as 2.0 to 2.5 mgd per foot and 0.1 to 0.2, respectively, and the 
leakage coefficient (Hantush, 1956, p. 702) ranged from 20 to 30 gpd per square 
fool per fool of head differential. Thc magnitude of llie leakage coefficient 
indicates that infiltration would occur readily from surface water sources such as 
the Snake Creek Canal. Underseepage tests made in a small area along Levee 30 
near the inland end of Snake Creek Canal indicate a transmissivity of 3.6 mgd 
per foot. The aquifer in this area is composed chiefly of solution-riddled 
limestone which extends lo a depth of about 55 feet below land surface. 
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The higii leakage and storage coefficients in the test at Snake Creek Canal 
indicates that the overlying semicotiflning beds are more permeable than are 
similar beds in central and north Broward County and that the aquifer in south 
Broward responds to pumping much more as nonartesian aquifer than it does in 
other parts of the county. 

FLORIDAN AQUIFER 

The Floridan aquifer is a thick seclion of carbonate and evaporite rocks 
underlying all of Florida and parts of Georgia and Alabama. In southeastern 
Florida the aquifer underlies a thick section of impermeable marl and clay at 
depths beiow 900 feet and extends lo depths of more than 3000 feet. It is 
composed primarily of a system of limestones of varying permeability which dip 
eastward and southward and are thought to intersect the ocean bolloni several 
miles offshore along the Continental Slope. 

The aquifer is confined except in the recharge area where the overlying 
confining materials are very thin or absent. 

In Broward County, water in wells that tap the Floridan aquifer will rise 
almost 40 feet above msl. Flows range from 75 gpm to over 2,000 gpm and 
average about 750 gpm (Parker, 1955, p. 191). Tlie water is highly mineralized, 
containing more than 1,500 nig/l (milligrams per Hter) of chloride, 3,500 mg/l 
dissolved solids, and is sulfurous, hard, and corrosive. These characteristics 
greatly limit the use of the water from this aquifer for most purposes. 
Nevertheless, study is being directed toward determining lhe feasibility of using 
the aquifer for fresh-water storage and as a source of water for desalination in 
the upper less mineralized zones. One well near Lake Okeechobee is currently 
disposing of industrial wastes in the highly permeable "boulder zone" of the 
Floridan aquifer wilh apparent success. A similar well in Miami is used as a 
disposal well for treated sewage effluent. Cmreiit studies are designed to more 
accurately define the zonation and hydraulic characteristics of the Floridan 
aquifer in the hydrologic system of southeastern Florida. 

WATER QUALITY 

The chemical or physical quality of water generally is as important for 
most uses as its availability. Rainfall, the original source of water supplies, 
contains fewer impurities than water in most other parts of the hydrologic cycle. 
Il contains only niinute quantities of dust, dissolved gases, and wind-blown salt 
from the atmosphere. Wlien rain strikes the ground, it conies into coniact wilh 
many soluble materials and, aided by carbon dioxide absorbed from the air and 
soil, it begins fo dissolve and pick up a wide variety of chemical and organic 
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constituents. The type and amount of dissolved matter in natural waters, 
depends on the materials contacted and the length of time involved in Ihe 
movement of walcr through the rocks and soil and down the streams. Domestic 
and industrial wastes as well as sea water are also sources of mineral or biological 
contamination of streams and ground water. 

NATURAL CONSTITUENTS 

The chemical quality of the water in the interrelated surface and 
ground-water flow system in Broward County is generally good. The source of 
the water in the system is local rainfall or rainwater conveyed into the area by 
the regional canal network. The water often shows a mixture of ground-and 
surface-water characteristics because of the free interchange of water between 
the canals and the permeable limestone ofthe Biscayne aquifer. 

GROUND WATER 

The chemical characteristics of ground waler in the county are influenced 
chiefly by soluble limestones and calcareous sand in the Biscayne aquifer. The 
water is generally hard, calcium bicarbonate in type with varying quantities of 
iron in most areas. Mineralization generally increases inland and with depth in 
the aquifer. Waler of the best quality occurs in coastal areas where the aquifer 
has been flushed by the infiltration of rainfall. This is especially true along a low 
coastal ridge in the Pompano area where a thick section of permeable sand 
occurs in the upper part ofthe aquifer. 

The chemical characteristics of water at different depths throughout the 
couniy were determined by the analysis of water samples from existing wells at 
known depths and from samples collected at different depths during the drilling 
of test wells. Table 3, adapted from Grantham and Sherwood (1968), 
summarizes the results of analyses of samples from the wells shown on figure 43. 

Dissolved solids, hardness, and Iron in ground water vary with deplh in 
eastern Broward Comity as shown on the maps in figure 44 (adapted from 
Grantham and Sherwood, 1 968). Tlie relafively low dissolved solids and hardness 
in waler in the Ft. Lauderdale area indicales the effects of flushing by the 
circulation of ground water caused by drainage to the canals and recharge by 
rainfall. The consisfenlly high concentrations of dissolved solids af depths below 
200 feet indicates that there is much less circulation at those depths and thus 
more time for (he water to dissolve minerals from the aquifer materials. The 
similarity between dissolved solids and hardness illustrates that calcium and 
bicarbonate dissoived from the limestone are lhe major constiiuents of natural 
waters in the couniy. The ground waler of Broward Couniy ranges from hard to 
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SEA-WATER INTRUSION 

Sea-water intrusion began early in the century with fhe construcfion of 
deep drainage canals inland from the sea. These canals not only permitted sea 
water lo flow far inland during periods of low discharge, but during dry periods 
they also lowered the water table below the level required to prevent the 
movement of sea water into the aquifer. The desirable aspects of these 
developments were clearly apparent; the undesirable aspects of Salt intrusion 
were not detected unlil some of the fresh-water supplies were contaminated. 

Sea water is sliglifly heavier than fresh water because it contains more 
dissolved solids. A 41-foot column of fresh water is required to balance a 40-foot 
column of sea water. In a coastal aquifer, therefore, each foot of fresh water 
above sea level would indicate 40 feet of fresh water below sea level. Thus, sea 
water moves inland unless fresh-water levels are appreciably higlicr than sea level. 
In coastal streams and in porous subsurface materials, there is a constant 
balancing between the two. If fresh-water levels are high, sea water is held near 
the coast; if fresh-water levels are low, sea water moves up the tidal streams and 
inland in the aouifer beneath the fresh ground water. 

The salt-water body in the aquifer (fig. 45) is wedge shaped, thickest at the 
coast and thinning inland where it underlies fresh ground water at depths of 160 
to 200 feet (Grantham and Sherwood 1968, p. 36). The greatest inland 
penetration is in the vicinity of fhe greatest concentration of tidal canals The 
configuration of the salt front also shows that intrusion may be effectively 
controlled by the construcfion of salinity control structures in primary canals. 
These controls halt the upstream movement of sea water and hold fresh-water 
heads high to prevent intrusion into fhe aquifer. Where control structures have 
been located near the coast, as in Snake Creek Canal, sea-water intrusion has 
been slight, whereas controls located inland, as in North and South New River 
Canals and Middle River Canal, permit further intrusion during droughts. 

Salt water in the tidal reaches of the canals moves either seaward or inland, 
depending on the amount of fresh-water discharge. During low flow the sea 
water extends inland to the salinity structures in all canals; during periods of 
high discharge if is forced far downstream (fig. 46). For example, a discharge of 
50 to 75 cfs for Middle River and North New River Canals generally holds the 
sea water downstream from the sampling points (fig. 47). In contrast, the 
ciiloride content of Hollywood Canal is generally high because the canal drains a 
small area and discharge is low. Effective salinity control in this canal would 
require both a control structure and an additional source of fresh waler to 
maintain high fresh-water levels upstream ofthe structure. 
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The position of the salt front in the aquifer is controlled chiefly by the 
height of fresh water levels above sea level. As seen by comparing the record low 
water-level contour map May 5, 1971 (fig. 35) and the map showing sea-wafer 
intrusion in 1970 (fig. 45) the configuration ofthe salt front and the water table 
are similar. Il is also noted that the salt front has stabilized far seaward of the 
theoretical position based on a 41 to 40 ratio. Salinity studies in the Biscayne 
aquifer near Miami (Kohout and Klein, 1967) have shown that this seaward 
displacement is caused chiefly by the effects of short periods of high water levels 
caused by frequent pulses of heavy rainfall. In effect the salt front in the aquifer 
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Figure 45. Extent of sea-water intrusion 1970. 



FLORIDA'S GROUND WATER QUALITY MONITORING PROGRAM 

HYDROGEOLOGIC FRAMEWORK 



FLORIDA GEOLOGICAL SURVEY — SPECIAL PUBLICATION NO. 32 

STATE OF FLORIDA 

DEPARTMENT OF NATURAL RESOURCES 
Virginia B. Wetherell, Executive Director 

DIVISION OF RESOURCE MANAGEMENT 
Jeremy Craft, Director 

FLORIDA GEOLOGICAL SURVEY 
Walter Schmidt, State Geologist and Chief 

DEPARTMENT OF ENVIRONMENTAL REGULATION 
Carol M. Browner, Secretary 

DIVISION OF WATER FACILITIES 
Richard M. Harvey, Director 

BUREAU OF DRINKING WATER AND 
GROUND WATER RESOURCES 

Charles C. Aller, Chief 

FLORIDA GEOLOGICAL SURVEY SPECIAL PUBLICATION 
FLORIDA'S GROUND WATER QUALITY MONITORING PROGRAM 

BACKGROUND HYDROGEOCHEMISTRY 

fc^^^j 

'^AL ?i 

fQl-th^ 

FLORiVA3p»^OI_06(5/»{L SiORVEY 

ISSN 0085-0640 



FLORIDA GEOLOGICAL SURVEY— SPECIAL PUBLICATION NO. 34 

DEPARTMENT 
OF 

NATURAL RESOURCES 

LETTER OF TRANSMITTAL 

b f i ^ + j 

LAWTON CHILES 
Governor 

JIM SMITH 
Secretary of State 

TOM GALLAGHER 
state Treasurer 

BETTY CASTOR 
Commissioner of Education 

BOB BUTTERWORTH 
Attorney General 

GERALD LEWIS 
state Comptroller 

BOB CRAWFORD 
Commissioner of Agriculture 

VIRGINIA B. WETHERELL 
Executive Director 

Florida Geological Survey 
Tallahassee 

October, 1992 

Governor Lawton Chiles, Chairman 
Florida Department of Natural Resources 
Tallahassee, Florida 32301 

Dear Governor Chiles: 

The Florida Geological Survey, Division of Resource Management, Department of 
Natural Resources, is publishing, as its Special Publication 34, Florida's Ground Water 
Quality Monitoring Program - Background Hydrogeochemistry. This publication is the 
second in a series which will present the results of the ground water quality network pro
gram established by the 1983 Water Quality Assurance Act (Florida Statutes, Chapter 
403.063). It is primarily a series of maps which provide the background hydrogeo-
chemical parameters present within the principal aquifer systems of Florida. These 
results can be used by state and local governments, planners, and developers for land-
use planning, conservation, and protection of Florida's valuable water resources. 

Respectfully yours, 

Walter Schmidt, Ph.D., P.G. 
State Geologist and Chief 
Florida Geological Survey 



LIST OF CONTRIBUTORS 

NORTHWEST FLORIDA WATER MANAGEMENT DISTRICT: 

Jeffery R. Wagner (Project Manager) 
Thomas Pratt 
Chriss Richards 
Jay Johnson 
Mark Dietrich 
Bruce Moore 
Wyndham Riotte 
Linda Ann Clemens 
Brian Caldwell 

SUWANNEE RIVER WATER MANAGEMENT DISTRICT: 

Nolan Col (Program Administrator) 
Ron Ceryak (Project Manager) 
Libby Schmidt 

ALACHUA COUNTY: 

Libby Schmidt (Project Manager) 
Jim Trifilio 
John Regan 
Robin Hallbourg 
Lori Bootz 

ST. JOHNS RIVER WATER MANAGEMENT DISTRICT: 

Don Boniol (Project Manager) 
Dave Toth 
George Robinson 
Donald Glisson 
Scott Edwards 
Doug Munch 

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT: 

Gregg Jones (Project Manager) 
Lee Clark 
Eric DeHaven 
John Gee 
Dave Moore 
Chris Person 
Tom Rauch 

SOUTH FLORIDA WATER MANAGEMENT DISTRICT: 

Jeff Herr (Project Manager) 
Scott Burns 
Jon Shaw 
Phil Fairbank 
Roberto Sanchez 
Alison Gray 

DEPARTMENT OF ENVIRONMENTAL PROTECTION 

RIck Copeland (Overall Program Administrator) 
Cynthia Humphreys 
Tim Glover 
GaryMaddox 
Jackye Bonds 
JeflSpicola 
Liang Lin 
Donna Burmeister 
Peter Grasel 
Paul Hansard 
JaySilvanima 

FLORIDA GEOLOGICAL SURVEY: 

Jacqueline M. Lloyd (Program Manager) 
Thomas M. Scott (Program Manager) 
Cindy Collier 
Jim Jones 
Ted Kiper 
David Allison 
Kent Hartong 
Milena Macesich 
Tom Seal 
Troy Thompson 

Cover Illustration 
By Paulette Bond 

Florida's population growth creates ever-increasing pressures on fragile water resources. This drawing illustrates many of the complex 
relationships that exist between a Florida community and the environment which sustains it. Water for various uses is withdrawn from subsurface 
limestones which are extremely porous and permeable. Ground water which resides in these limestones is naturally protected from various types of 
contaminants by a widespread clayey confining layer. The situation is complicated by the presence of discontinuous carbonate lenses and 
fractures within the confining layer. Limestone is vulnerable to extensive dissolution leading to the development of sinkholes which may breach the 
confining unit in the process of their formation. This same dissolutional process results in the formation of the large springs, highly prized features 
of Florida's environment, from which large amounts of ground water discharge constantly. The spring pictured here includes as part of its recharge 
mechanism, the newly formed sinkhole, ostensibly distant from it. The surficial sands and clayey sands which blanket the confining layer are subject 
to major impacts resulting from the activities of man. Subsurface storage tanks will be buried within them, municipal solid waste will be disposed 
into them and locally, small domestic wells may be drilled into them where their permeability and porosity make them a viable surficial aquifer. At the 
same time, precipitation moving down into these shallow materials may locally enter sinkholes or fractures within the confining layer, contributing to 
recharge of the underlying limestone aquifer system. 



FLORIDA GEOLOGICAL SURVEY - SPECIAL PUBLICATION NO. 32 

TABLE OF CONTENTS 

PAGE PAGE TABLES 

Introduction 1 
Ground Water Quality Monitoring Program 1 
Hydrogeologic Map Production and Publication 1 
Ground Water Quality Monitoring Network and Future 

Publications 1 
Background Network 1 
VISA Network 2 
Private Well Survey 2 

Sampling Protocol 3 
Data Base Systems 3 
Data Analysis and Application of Program 

Results 3 
A Geological Overview of Florida 4 

Introduction 4 
Geologic History 4 
Structure 5 
Geomorphology 5 
Lithostratigraphy and Hydrostratigraphy 5 
Lithostratigraphy 5 

Cenozoic Erathem 6 
Tertiary System 6 

Paleocene Series 6 
Cedar Keys Formation 6 

Eocene Series 6 
Claiborne Group 6 
Oldsmar Formation 6 
Avon Park Formation 6 
Ocala Limestone 6 

Oligocene Series 7 
SuwanneeLimestone 7 

Marianna Limestone 7 
Bucatunna Clay Member of the Byram Formation 7 
Chickasawhay Formation 7 

Miocene Series 7 
Chattahoochee Formation 7 
St. Marks Formation 8 
Hawthorn Group 8 
Bruce Creek Limestone 8 
Alum Bluff Group 8 
Pensacola Clay 8 
Intracoastal Formation 8 

Pliocene-Pleistocene Series 8 
"Coarse Clastics" 9 
Tamiami Formation 9 
Citronelle Formation 9 
Miccosukee Formation 9 
Cypresshead Formation 9 
Nashua Formation 9 
Caloosahatchee Formation 9 
Fort Thompson Formation 10 
Key Largo Limestone 10 
Miami Limestone 10 
Anastasia Formation 10 
Undifferentiated Pleistocene-Holocene Sediments ..10 

Hydrostratigraphy 10 
Surficial aquifer system 11 
Intermediate aquifer system/confining unit 11 
Floridan aquifer system 11 

Conclusion 12 
References 12 

TABLE PAGE 

1 Ground water quality network monitoring 
parameters 3b 

2 List of selected VISAs by Water Management 
District 3b 

APPENDICES 

APPENDIX PAGE 

1 Additional Sources of Information 15 
2 List of Related Reports and Publications 15 



FLORIDA GEOLOGICAL SURVEY - SPECIAL PUBLICATION NO. 32 

FIGURE PAGE 

ILLUSTRATIONS 
FIGURE PAGE FIGURE PAGE 

1 - Water Management District Boundaries 17 
2 - Background Network well locations 18 
3 -V ISA Network 19 
4 - Hydrostratigraphic Nomenclature (modified from South

eastern Geological Society Ad Hoc Committee on 
Florida Hydrostratigraphic Unit Definition, 1986) 20 

5 - Structural Features of Florida: a) Pre-Cenozoic 
b) Mid-Cenozoic 21 

6 - Geomorphologic Provinces of Florida after White, 1970)....22 
7 - Geomorphologic Features of Northwest Florida Water 

Management District (NWFWMD) (afterWhite, Puri 
and Vernon in Puri and Vernon, 1964) 23 

8 - Geomorphologic Features of Suwannee River Water 
Management District (SRWMD) (afterWhite, 1970) 24 

9 - Geomorphologic Features of St. Johns River Water 
Management District (SJRWMD) (after White, 1970) 25 

10 - Geomorphologic Features of Southwest Florida Water 
Management District (SWFWMD) (afterWhite, 1970) 26 

11 - Geomorphologic Features of South Florida Water 
Management District (SFWMD) (after White, 1970) 27 

12 - Top of Hawthorn Group, NWFWMD (after Scott, 
1988a) 28 

13 - Isopach of Hawthorn Group, NWFWMD (after Scott 
1988a) 29 

14 - Top of Hawthorn Group, SRWMD (after Scott, 
1988a) 30 

15 - Isopach of Hawthorn Group, SRWMD (after Scott) 31 
16 - Top of Hawthorn Group, SJRWMD (after Scott 

1988a) 32 
17 - Isopach of Hawthorn Group, SJRWMD (after 

Scott, 1988a) 33 
18 - Top of Hawthorn Group, SWFWMD and SFWMD (after 

Scott, 1988a) 34 
19 - Isopach of Hawthorn Group, SWFWMD and SFWMD 

(afterScott, 1988a) 35 
20 - Statewide aquifer map 36 
21 - Occurrence and extent of ground water in 

NWFWMD 37 
22 - Surface-water basins, NWFWMD 38 
23 - Surface-water basins, SRWMD 39 
24 - Surface-water basins, SJRWMD 40 
25 - Surface-water basins, SWFWMD 41 
26 - Surface-water basins, SFWMD 42 
27 - Ground-water areas, NWFWMD 43 
28 - Ground-water areas, SRWMD 44 
29 - Ground-water areas, SJRWMD 45 

30 - Ground-water areas, SWFWMD 46 
31 - Ground-water areas, SFWMD 47 
32 - Floridan aquifer system potentiometric surface, 

NWFWMD (modified from Wagner, 1989) 48 
33 - Floridan aquifer system potentiometric surface, 

SRWMD 49 
34 - Floridan aquifer system potentiometric surface, 

SJRWMD 50 
35 - Floridan aquifer system potentiometric surface, 

SWFWMD (after Barr, 1989) 51 
36 - Floridan aquifer system potentiometric surface, 

SFWMD 52 
37 - Surficial aquifer system thickness, NWFWMD 53 
38 - Surficial aquifer system thickness, SWFWMD 

(after Wolansky eta l . , 1981) 54 
39 - Surficial aquifer system base, SFWMD 55 
40 - Areas of surficial aquifer system use, SJRWMD 56 
41 - Top of intermediate aquifer system/confining unit, 

NWFWMD 57 
42 - Isopach of the intermediate aquifer system/ 

confining unit, NWFWMD 58 
43 - Top of the intermediate aquifer system, 

SWFWMD (after Corral and Wolansky, 1984) 59 
44 - Thickness of the intermediate aquifer system, 

SWFWMD (after Corral and Wolansky, 1984) 60 
45. Top of mid-Hawthorn confining zone, Lee County 61 
46 - Top of the sandstone aquifer, Lee County 61 
47 - Top of mid-Hawthorn aquifer, Lee County 61 
48 - Top of the upper Floridan aquifer system, 

NWFWMD 62 
49 - Thickness of the upper Floridan aquifer system, 

NWFWMD 62 
50 - Top of the lower Floridan aquifer system, NWFWMD 63 
51 - Thickness of the lower Floridan aquifer system, 

NWFWMD 63 
52 - Top of the Bucatunna Clay, NWFWMD 64 
53 - Thickness of the Bucatunna Clay, NWFWMD 64 
54 - Top of the lower Floridan aquifer system, SJRWMD 65 
55 - Top of the Floridan aquifer system, NWFWMD 66 
56 - Top of the Floridan aquifer system, SRWMD 67 
57 - Top of the Floridan aquifer system, SJRWMD 68 
5 8 - Top ofthe Floridan aquifer system, SWFWMD 69 
59 - Top of the Floridan aquifer system, SFWMD 70 
60 - Thickness of the Floridan aquifer system, NWFWMD 71 
61 - Thickness of the Floridan aquifer system, SRWMD 

(after Miller, 1986) 72 
62 - Thickness of the Floridan aquifer system, SJRWMD 73 

63 - Thickness of the Floridan aquifer system, SWFWMD 
(after Wolansky and Garbode, 1981) 74 

64 - Thickness of the Floridan aquifer system, SFWMD 
(after Miller, 1986) 75 

65 -Base of the Floridan aquifer system, NWFWMD 76 
66 - Confinement of the Floridan aquifer system, 

NWFWMD 77 
67 - Confinement of the Floridan aquifer system, SRWMD 78 
68 - Areas of unconfined Floridan aquifer system, 

SJRWMD 79 
69 - Areas of karst development in NWFWMD 80 
70 - Thickness of the Floridan aquifer system confining 

bed, SWFWMD (after Buono and others, 1979) 81 
71 - Areas where the Floridan aquifer system is at or 

near the surface, NWFWMD 82 
72 - Floridan aquifer system recharge potential, 

NWFWMD 83 
73 - Floridan aquifer system recharge potential, 

SRWMD 84 
74 - Floridan aquifer system recharge potential, 

SJRWMD 85 
75 - Floridan aquifer system recharge potential, 

SWFWMD (after Stewart, 1980) 86 
76 - Floridan aquifer system recharge potential, 

SFWMD 87 
77 - Areas of artesian flow from the sand and 

qravel aquifer and lower Floridan aquifer 
system, NWFWMD 88 

78 - Areas of artesian flow from the intermediate 
aquifer system and Floridan aquifer system, 
NWFWMD 89 

79 - Areas of artesian flow from the Floridan aquifer 
system, SRWMD 90 

80 - Areas of artesian flow from the Floridan aquifer 
system, SJRWMD 91 

81 - Areas of artesian flow from the Floridan aquifer 
system, SWFWMD 92 

82 - Areas of artesian flow from the Floridan aquifer 
system, SFWMD 93 

83 - Areas of mineralized water in the Floridan aquifer 
system, NWFWMD 94 

84 - Areas of mineralized water in the Floridan aquifer 
system, SJRWMD 95 

85 - Areas of mineralized water in the Floridan aquifer 
system, SWFWMD (after Causseaux and Fretwell) 96 

86 - Areas of mineralized water in the Floridan aquifer 
system, SFWMD 97 



FLORIDA GEOLOGICAL SURVEY - SPECIAL PUBLICATION NO. 32 

INTRODUCTION 

By 

Gary Maddox and 
Jacqueline M. Lloyd, P.G. #74 

Usable fresh water is Florida's most important 
natural resource. Pressure on this resource 
comes from rapid land use changes associated 
with urban and agricultural development. In order 
to insure sufficient fresh water for the state's cur
rent and future needs, this resource must be 
defined,protected and conserved. 

As of 1980, 87% of Florida's public water supply 
came from subsurface aquifers. The remaining 
13% was extracted from surface water sources, 
such as rivers and lakes. Most surface water 
requires considerably more treatment than ground 
water before use as a potable water source 
(Fernald and Patton, 1984). Florida's ground
water and surface-water systems are intimately 
connected. Lake and river waters recharge under
lying aquifers at times when surface-water levels 
are higher than water-table elevations. 
Conversely, ground water flows into rivers and 
lakes through seepage and spring flow when 
water-table levels exceed surface-water levels. 
Where karst features, such as sinkholes, are well 
developed, there may be a direct connection 
between surface water and ground water. Shallow 
aquifers often have little or no protective, overly
ing aquitard or aquiclude. These common hydro-
geologic conditions increase the risk of contami
nation of Florida's water supply. 

Land-use planning must take hydrogeologic con
ditions into account. Whether through percolation 
or direct connection, polluted surface water can 
eventually contaminate ground water. Pesticides, 
herbicides and fertilizers from agricultural areas, 
metals and organics from urban stormwater 
runoff, and hydrocarbons from leaking storage 
tanks are all threats to Florida's aquifer systems. 

In addition to these water quality considerations, 
land-use planning must also take into account 
water quantity. Excessive withdrawal of fresh 
water from an aquifer may lead to replacement of 
lighter, fresh water by denser, connate seawater. 
This is a problem in high volume ground-water 
withdrawal areas, such as in the vicinity of urban 
well fields. Excessive fresh water use in coastal 
areas may lead to the lateral intrusion of salt 
water from the sea. 

Recharge areas where significant amounts of 
meteoric and surface water enter the aquifer are 
particularly sensitive to land uses. Some land 
uses may contribute contaminants to soil or sur
face waters or restrict the downward percolation 
of meteoric and surface waters. Protecting these 
areas from heavy development aids in the preser
vation of the quality and quantity of the ground
water supply. 

Ground Water Quality Monitoring 
Program 

The Florida legislature, acknowledging the need 
to protect our ground-water resources, passed 
the Water Quality Assurance Act in 1983. The leg
islature recognized that we must understand the 
impact of man's activities on our ground-water 
systems before we can determine appropriate 
protective measures. Thus, a portion of the Act 
required the Department of Environmental 
Regulation (DER) to "establish a ground-water 
quality monitoring network designed to detect or 
predict contamination ofthe state's ground-water 
resources" (Florida Statutes, Chapter 403.063). 
The Act required DER to work cooperatively with 
other federal and state agencies, including 
Florida's five water management districts 
(WMD's) (Figure 1), in the establishment of the 
network. The Florida Geological Survey (FGS) 
and the Water Resources Division of the U.S. 
Geological Survey provided technical support. In 
addition, several studies were funded through the 
State University System. Appendix 1 contains 
contact information for these agencies. Appendix 
2 contains a list of reports and publications result
ing from these efforts. 

The major goals ofthe Ground Water Quality 
Monitoring Program are: 

1. To establish the baseline ground-water quality 
of major aquifer systems in the state; 

2. To detect and predict changes in ground-water 
quality resulting from the effects of various 
land uses and potential sources of contamina
tion; 

3. To disseminate water quality data generated 
by the program to local governments and the 
public. 

Hydrogeologic Map Production 
and Publication 

To meet the goals set forth above, a hydrogeolog
ic framework must first be defined. This publica
tion is primarily a series of maps which portray 
the basic hydrogeologic conditions present within 
the principal aquifer systems of Florida. These 
maps were prepared by the water management 
districts, the FGS and the DER. 

Most maps were compiled on water management 
district base maps. Specific map coverage varied 
between districts. Single-topic maps may not be 
comparable between districts because they were 
not initially produced as a cooperative effort. For 
example, contour intervals may differ, making 
edge-matching impractical. The maps for each 
district generally include: 

1. Isopach and structure contour maps of the sur
ficial, intermediate and Floridan aquifer sys
tems; 

2. Isopach and structure contour maps of beds 
acting as aquitards and aquicludes; 

3. Areas where the Floridan aquifer system is at 
or near the surface, and areas where it is 
underwater-table conditions; 

4. Areas of recharge to the Floridan aquifer sys
tem; 

5. Potentiometric surface ofthe Floridan aquifer 
system; 

6. Areas of saltwater intrusion; 
7. Areas of karst development; 
8. Ground-water and surface-water basins. 

Ground Water Quality Monitoring 
Network And Future Publications 

The hydrogeologic framework defined by the 
maps in this publication provide the background 
necessary to establish the monitoring network, 
set priorities, and determine strategies for meet
ing the goals of the program. 

The Ground Water Quality Monitoring Network is 
made up of three principal elements: two major 
subnetworks and one survey, each of which has 
unique monitoring priorities and goals. These ele
ments are: 

1. Background Network, designed to help define 
background ground-water quality through a 
network of approximately 1800 wells that tap 
all major potable aquifers within the state 
(Figure 2); 

2. VISA (Very Intense Study Area) Network, 
designed to monitor the effects of various land 
usage on ground-water quality within specific 
aquifer systems in selected areas (Figure 3); 

3. Private Well Survey, designed to analyze 
ground-water quality from 50 private drinking 
water wells in each of Florida's 67 counties. 
This survey is a joint effort between the Florida 
Department of Health and Rehabilitative 
Services (HRS) and the DER. 

The water-quality data collected, analyzed, and 
evaluated through these elements will be pub
lished in separate volumes. 

Background Network 

A well in the Background Network is designed to 
monitor an area of the aquifer system which is 
representative of the general ground-water quality 
of a region. For this publication, a region is 
defined as constituting an area greater than or 
equal to the size of an average Florida county. It 
is further defined by aquifer system extent and, if 
possible, by ground-water basin. Background 
Network wells are actually used to define baseline 
rather than original background ground-water 
quality. Baseline differs from background in that it 
refers to current, representative regional water 
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quality. Widespread changes in water quality 
associated with regional land uses may be pre
sent. Thus, Background Network water quality 
may differ from the original water quality that 
existed before there was measurable human 
impact on the aquifer system. Wells which indi
cate specific contamination sources are not 
included in the Background Network. The 
statewide distribution of Background Network 
wells is shown in Figure 2. 

Before drilling of Background Network monitoring 
wells began, existing wells suitable for inclusion in 
the network were sought. An inventory of poten
tially useful existing monitoring sites was com
piled by the U.S. Geological Survey and the water 
management districts. The following criteria were 
used to determine eligibility: 

1. Depth of well and cased internal known; 
2. Open hole internal taps only one aquifer or 

water-bearing zone; 
3. Precise site location known; 
4. Well owner cooperative; 
5. Future accessibility for sampling granted; 
6. History of the site (prior land use, previous 

sampling results) known. 

Other non-mandatory, but desirable criteria 
include: 

7 Site ownership by local, state or federal 
agency; 

8. Prior water-quality data available; 
9. Well diameter known; 
10. Lithological and geophysical logs available; 
11. Hydrogeologic information available. 

To further aid in well selection and placement, the 
locations of potential and confirmed sources of 
ground-water contamination were determined. 
These included point sources such as locations of 
free-flowing wells, major landfills, injection and 
recharge wells, surface impoundments, industrial 
and hazardous waste generators, sewage treat
ment plants, and mining areas. Nonpoint sources 
included sewered versus septic areas, pesticide 

application (agricultural) areas, wastewater appli
cation areas, stormwater facilities and fresh water 
outfalls. 

Over 1200 existing wells were initially selected for 
inclusion in the Background Network. Although 
optimal quality assurance and control could be 
more fully realized by drilling all monitoring wells 
expressly for use in the network, the associated 
costs prohibited such an approach. 

Approximately 600 new wells were drilled for 
inclusion in the network. Depending on the 
hydrostratigraphy at each new site, a single well 
or cluster of wells was installed, allowing each 
major water-bearing zone to be separately moni
tored. Geological information was obtained at 
each site during drilling. A core from the upper
most significant confining bed was obtained from 
many sites for laboratory determination of perme
ability and lithologic description of the constituent 
sediments. 

The initial sampling of each well in the network 
involved the measurement of a comprehensive 
set of field, chemical, and micro-biological para
meters, as well as naturally-occurring radioactivity 
(Table 1). These analyses, combined with histori
cal data, are used to estimate baseline ground
water quality. This data is then used to help delin
eate areas where ground-water quality degrada
tion has occurred. 

As funds allow, the entire Background Network 
will be re-sampled and all the parameters listed in 
Table 1 will be re-measured. This continued moni
toring of the network will reveal water-quality 
changes over time, as well as targeting the onset 
of degradation or contamination. 

A subset of the Background Network is the 
Temporal Variability Subnetwork (the "TV Net"). 
These wells are sampled more frequently (on a 
monthly or quarterly basis) for a smaller set of 
field parameters (Table 1). These field or "indica
tor parameters" will be used to quantify temporal 
water-quality variations. The feasibility of installing 
dedicated sampling equipment allowing continu
ous monitoring of a few selected wells is currently 
under consideration. 

Refinement of the Background Network is an 
ongoing task. Wells which provide redundant 
information or do not represent baseline water 
quality are removed from the network. New wells 
are installed where needed. 

VISA Network 

The Very Intense Study Area (VISA) Network 
(Figure 3) monitors specific areas believed to be 
highly susceptible to ground-water contamination 
from surface sources. VISA Network wells are 
monitored for an extensive suite of chemical and 
field parameters, as well as organics, pesticides, 
herbicides and naturally-occurring radioactivity 
(Table 1). VISA'S are selected based on an 
assessment of predominant land use and hydro-
geologic susceptibility. The purpose of the VISA 
Network is to quantify the effects on ground
water chemistry of different land uses within a 
specific hydrogeologic environment. A VISA well 
is designed to monitor the effects of multiple 
sources of contamination on ground-water quality 
within a segment of the aquifer. Most VISA wells 
monitor the uppermost aquifer system present 
within the study area, since that is where surface-
introduced contaminants should first be detected. 
This information might ultimately serve as a pre
dictive tool, allowing ground-water professionals 
to ascertain the potential effects of changing land 
use on ground-water quality in areas with similar 
hydrogeologlcal conditions. 

Predominant land-use areas were located using 
the Florida Summary Mapping System, a micro
computer-mapping package developed at the 
University of Florida. The system contains land-
use data derived from ad valorem tax information 
obtained from each of Florida's 67 counties. 
These data have been summarized for each 
square-mile section of the state based on the 
Public Land Survey System (Section, Township 
and Range). This system allowed rapid access to 
a large volume of annually updated land-use 
data. One hundred Florida Department of 
Revenue land-use codes exist in the database; a 
subset of these were grouped into sixteen more 
general categories for the purpose of VISA selec
tion. 

Hydrogeologic conditions which determine 
aquifer-system vulnerability were determined 
using DRASTIC, a mapping system developed 
jointly by the U.S. Environmental Protection 
Agency and the National Water Well Association 
(Aller et al, 1985). DRASTIC is an acronym repre
senting the seven hydrogeologlcal parameters 
considered most indicative of relative pollution 
potential. These are: 

D - Depth to water; 

R - Net recharge; 

A-Aquifer media; 

5 - Soil media; 

T- Topography; 

I - Impact of the vadose zone; 

C - Hydraulic conductivity 

Each of these parameters is mapped separately 
foreach aquifer, using existing data. Numerical 
scores are assigned to each map polygon. The 
score for each polygon is then multiplied by a 
weighting factor. The seven parameter maps are 
next overlain and the resulting polygons and 
weighted scores are summed to create a com
posite DRASTIC aquifer vulnerability map. Higher 
scores indicate higher relative pollution potential. 
These maps indicate overall relative aquifer-sys
tem vulnerability. Combined with the knowledge 
gained through analysis of the VISA Network 
results, these maps will be an invaluable land-use 
planning tool. DRASTIC maps are currently being 
produced for each county in Florida. These maps, 
covering the surficial and Floridan aquifer sys
tems, will be published in a separate volume. 

Twenty-one initial VISAs were selected, based on 
the above criteria (Table 2). Initial sampling of 
these VISAs occurred in late 1990. Results from 
these analyses will be published in a separate 
volume. 
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Private Well Survey 

The Florida Department of Health and 
Rehabilitative Services (HRS) is conducting a sur
vey of private drinking-water systems to deter
mine their general water quality. DER and HRS 
entered into a cooperative agreement to select up 
to 70 wells per county (50 primary, 20 backup) for 
the survey, using the same criteria developed to 
select existing Background wells. HRS is sam
pling these wells for approximately 180 parame
ters (Table 1). The data generated from these 
wells is supplementing the Background and VISA 
data, while also indicating the general quality of 
water consumed by private well owners. The 
sampling process will not be completed for sever
al years. 

SAMPLING PROTOCOL 

Sampling ofthe statewide network began in mid-
1985 and was carried out by the water manage
ment districts. A portion of the existing wells were 
sampled using permanently installed pumps. The 
remaining existing wells and all new wells were 
sampled using teflon bailers, bladder pumps or 
submersible pumps specifically designed and 
manufactured with non-contaminating materials. 
Sampling protocol followed procedures estab
lished by the U.S. Environmental Protection 
Agency. All sampling agencies and analytical lab
oratories were required to submit quality assur
ance plans to maximize uniformity of results. The 
initial sampling episode included a more compre
hensive set of physical and chemical parameters 
than were monitored during subsequent routine 
sampling (Table 1). 

The frequency of sampling and the chemical 
parameters monitored at each site were based on 
several factors, including network designation, 
land-use activity, available resources, and geolog
ic sensitivity of the site. After initial sampling, sev
eral wells were dropped from one network and 
added to another, based on analysis of sampling 
results. For instance, some wells believed not to 
represent background-water quality were dropped 
from the Background Network and included in the 
VISA Network. This refinement process is ongo

ing. When significant concentrations of potentially 
harmful parameters were detected, the well was 
resampled to confirm or deny contamination. 
When contamination was confirmed in a private 
well, HRS was notified so that potential health 
threats could be assessed. 

DATA BASE SYSTEMS 

A variety of data base and software systems have 
been used and developed to store, manipulate 
and display information related to the Ground 
Water Quality Monitoring program. These include 
the Florida Summary Mapping System (FSMS), 
the Generalized Well Information System (GWIS), 
the Well Log Data System and DERMAP. 

The FSMS is a microcomputer land-use database 
and retrieval system developed at the University 
of Florida (Miller, et al., 1986) and currently mar
keted by ARMASI, Inc. This system uses state ad 
valorem tax information annually compiled by 
each county tax assessor. Land-use information 
is compiled and displayed in raster format using 
the Public Land Survey System grid as a map 
base. The resulting one square mile resolution 
allows general delineation of areas of predomi
nant land use. 

GWIS is a microcomputer database and retrieval 
system which contains all well and analytical 
water-quality information generated by the net
work. It consists of two separate data sets: 1) 
physical well characteristics, and 2) sampling 
results. The two data sets are linked by a com
mon well identifier. DER developed the system to 
quickly and efficiently manage the large volume of 
data generated by the network. Data can be 
retrieved by predefined groups or dates, for val
ues exceeding specified limits (e.g. EPA stan
dards), or by any combination of physical well 
attributes. Data entry programs allow the user to 
add new well and analytical information to the 
system. Output can be tabular or graphic (when 
combined with a PC CAD package). Network data 
is also available in dBASE III Plus format. GWIS 
programs and data are available to the public for 
a nominal disk charge or free via a computer bul
letin board system, accessible by telephone. 

For further information, contact: 

Florida Department of Environmental Regulation 
Bureau of Drinking Water and Ground Water 
Resources Ground Water Quality Monitoring 
Section 2600 Blair Stone Road Tallahassee, 
Florida 32399-2400 

Staff: (904)488-3601 
Bulletin Board Service: (904)487-0461 

The FGS maintains an extensive database of 
geologic well data (lithologic descriptions and for
mational contacts of well core and cutting sam
ples). The Well Log Data System includes a 
series of BASIC programs written by Dr. Robert 
Lindquist (GeoLogic Information Systems, 
Gainesville, FL) to manage and use this data
base. The system was written for IBM-PC com
patibility, providing the FGS and other users 
access to the statewide geologic database. It also 
provides a standard format for additions to the 
database. The programs can be used for data 
entry and editing, as well as for generating both 
graphic and text output of geologic data. 

DERMAP integrates data from the FSMS, GWIS 
and the Well Log Data System. DERMAP was 
developed by ARMASI, Inc. in cooperation with 
GeoLogic Information Systems. DERMAP allows 
data from all three databases to be displayed 
simultaneously on a common map, allowing the 
user to visually relate water quality to land use 
and geology. 

DERMAP and GWIS programs and data are 
available from DER. The FGS can be contacted 
for current well log data. FSMS can be obtained 
from ARMASI, Inc. and the Well Log Data System 
can be obtained from GeoLogic Information 
Systems. Appendix 1 contains contact information 
for these agencies and companies. 

All network chemical and physical well 
information is also stored in DER's mainframe 
computer system. This central repository allows 
access to the data by other state agencies. 

Data Analysis and Application of Program 
Results 

The Ground Water Quality Monitoring Program 
was designed to improve understanding of man's 
impact on Florida's ground-water resources. Data 
collected and analyzed by this program will ulti
mately yield tools for describing and predicting 
the complex interactions between land use, 
hydrogeologic conditions, water quality and quan
tity. Specifically, data generated by the network 
will be analyzed to: 

1. Determine the extent and thickness of the 
major aquifer systems containing potable 
water; 

2. Define regional hydrogeologlcal conditions; 
3. Map recharge and discharge areas; 
4. Map physical and chemical aquifer charac

teristics; 
5. Statistically define geochemically homoge

neous segments within each aquifer system; 
6. Determine the boundaries of ground-water 

basins and their relationship to the geo-
chemically-defined aquifer segments; 

7. Determine current general ground-water 
quality for each major aquifer system 
statewide; 

8. Establish average baseline and back
ground-water quality by parameter and 
aquifer segment; 

9. Determine effects of potential contamination 
sources; 

10. Evaluate water-quality changes over time; 
11. Define relationships between land use and 

ground-water quality; 
12. Quantify and predict changes in ground

water quality due to land-use changes; 
13. Delineate physical ground-water divides; 
14. Correlation of ground-water quality changes 

with water-level fluctuations to aid in defin
ing quality-quantity relationships; 

15. Determine ground-water basins for each 
monitored aquifer; 

16. Establish the baseline-water quality of simi
lar aquifer sediments within each basin; 

17. Produce water-quality maps by parameter. 
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PARAMETERS 

TABLE 1 
GROUND WATER QUALITY NETWORK MONITORING PARAMETERS 

NETWORK STANDARD METHOD 1,2 

MAJOR IONS 
Bicarbonate 
Carbonate 
Chloride 
Cyanide 
Fluoride 
Nitrate 
Phosphate 
Sulfate 

METALS 
Arsenic 
Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Strontium 
Silver 
Sodium 
Zinc 

FIELD PARAMETERS 
Conductivity 
pH 
eH 
Dissolved Oxygen (DO) 
Temperature 
Water levels 
Odor 

MICROBIOLOGICAL 

Background 

B 
B 
B 
B 
B 
B 
B 

V 

V 
V 
V 
V 
V 
V 
V 

HRS 

Fecal Coliform 
Total Coliform 

ORGANICS AND PESTICIDES 
Total Organic Carbon (TOC) 
Volatile Organic Carbon (VOC) 
Aldicarb & related compounds 
Purgeable Halocarbons 
Purgeable Aromatics 
Pesticides 
PCBIs, Chlorinated Pesticides 
Pesticides 
Organophosphate Pesticides 
Mixed Purgeables 
Base / Neutral / Acid Extractables 
Carbamate Pesticides 
Pesticides 
Herbicides 
Fumigant Pesticides 

RADIOMETRICS 
Gross Alpha 
Gross Beta 
Radon 
Radium 

OTHERS 
Total Dissolved Solids (TDS) 
Ammonia 
Siiica 

B 
B 

B 
B 

B 
B 
B 
B 

B 

V 
V 

V 

V 
V 
V 
V 
V 
V 

V 
V 
V 

V 

V 
V 

V 
V 
V 

H 

H 

H 
H 
H 
H 

H 
H 

Quarterly 

Q 

Q 

Q 
Q 
Q 
Q 

Monthly 

Q 

Q 

Q 
Q 

M 
M 
M 
M 
M 
M 

Q 

406 
406 
407A, 407B,or407D 
412B,412C, or412D 
413A, 413B, 413C, or413E 
418Cor418F 
424F or 424G 
426Aor 426C 

303E 
303C 
303Aor 
303A or 
303A or 
303A 
303Aor 
303Aor 
303A or 
303Aor 
303 F 
303Aor 
303Aor 
303 E 

303B 
311C 
303B 

315B 
303B 
319B 
319B 

322 B 
322 B 

303Aor 303B 
303Aor 325B 
303Aor 303B 

205 
423 

Q 

212 

908C or 909C 
908Aor 909A 

505 
EPA 601 & 602, or EPA 624 
EPA 531 
EPA 601 
EPA 602 
EPA Alt. 614 
EPA Alt 617 
EPA Alt 619 
EPA 622 
EPA 624 
EPA 625 
EPA 632 
EPA 644 

703 
703 

2096 

TABLE 2 
LIST OF SELECTED VISAS BY WATER MANAGEMENT DISTRICT 

LOCATION 

ALACHUA COUNTY: 
1) Gainesville 

NORTHWEST FLORIDA WMD: 
1) Pensacola 
2) Gulf Breeze 
3) SW Tallahassee 
4) NE Jackson Co. 
5) Panama City 

ST. JOHNS RIVER WMD: 
1) Palm Bay 
2) N. LakeApopka 
3) Jax. Talleyrand 
4) Ocala 

SOUTH FLORIDA WMD: 
1) NE Dade Co. 
2) NE Broward Co. 
3) 5. Orange Co. 
4) Martin Co. 
5) S. Lee Co. 

SOUTHWEST FLORIDA WMD: 
1 )E . Polk Co. 
2) E. Polk Co. 
3) NE Hillsborough 
4) Pinellas Co. 

SUWANNEE RIVER WMO: 
1) Live Oak 
2) Lafayette Co. 

AQUIFER 

Surficial 

Sand & Gravel 
Sand & Gravel 
Surficial & Floridan 
Unconfined Floridan 
Surficial 

Surficial 
surficial 
Surficial 
Unconfined Floridan 

Biscayne 
Biscayne 
Surficial 
Surficial 
Surficial 

Surficial 
Floridan 
Surficial & Floridan 
Surficial 

Unconfined Floridan 
Unconfined Floridan 

LAND USE 

Mixed Urb./Suburb. 

Heavy Industrial 
Mixed Urb./Suburb. 
Light Industrial 
Cropland Agricul. 
Mixed Urban/lnd. 

Single Family 
Cropland Agricul. 
Heavy Industrial 
Urban/Suburban 

Heavy Industrial 
Mixed Urban/lnd. 
Mixed Urban/lnd. 
Orchards, Citrus 
Single-Family 

Orchards, Citrus 
Orchards, Citrus 
Single-Family 
Light Industrial 

Mixed Urban/lnd. 
Crop. Ag./Dairies 

AREA (mi2) 

20 

10 
- 10 
- 15 
-120 

25 

8 
39 

3 
3 

6 
16 
28 
30 

6 

20 
20 
20 

7 

- 10 
- 3 0 

NOTES, TABLE 1: 

1 Methods are from Standard Methods for the Examination of Water and Wastewater, 15th edition (American Public Health 
Association, 1980), or from the Florida Department of Environmental Regulation's Supplement "A" to Standard Operating 
Procedures and Quality Assurance Manual (1981). 

2 Other approved methods with the same or better minimum detection limits, accuracy and precision are also acceptable. 

* A subset of approximately 100 Background Network wells is being sampled for radon and/or radium. 

3b 
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Data generated by the Ground Water Quality 
Monitoring Program can be used to determine 
protective measures for water quality and quantity 
for a variety of practical applications. Example 
applications include: 

1. Land use planning and zoning decisions; 
2. Development of Local Government 

Comprehensive Plans; 
3. Protection of the quality and quantity of public 

water supplies; 
4. Prediction of saltwater intrusion due to exces

sive fresh-water withdrawal in fields and 
coastal areas; 

5. Surface-water/ground-water co-management; 
6. Mapping of potential aquifer system vulnerabil

ity; 
7. Development of aquifer resource management 

strategies and protection. 

A GEOLOGICAL OVERVIEW 
OF FLORIDA 

By 
Thomas M. Scott, P.G. #9g 

Introduction 

The State of Florida lies principally on the Florida 
Platform. The western panhandle of Florida 
occurs in the Gulf Coastal Plain to the northwest 
ofthe Florida Platform. This subdivision is recog
nized on the basis of sediment type and deposi
tional history. The Florida Platform extends into 
the northeastern Gulf of Mexico from the southern 
edge of the North American continent. The plat
form extends nearly four hundred miles north to 
south and nearly four hundred miles in its broad
est width west to east as measured between the 
three hundred foot isobaths. More than one- half 
of the Florida Platform lies under water leaving a 
narrow peninsula of land extending to the south 
from the North American mainland. 

A thick sequence of primarily carbonate rocks 
capped by a thin, siliciclastic sediment-rich 
sequence forms the Florida Platform. These sedi
ments range in age from mid-Mesozoic (200 mil
lion years ago [mya]) to Recent. Florida's aquifer 
systems developed in the Cenozoic sediments 
ranging from latest Paleocene (55 mya) to Late 
Pleistocene (<100,000 years ago) in age (Figure 
4). The deposition of these sediments was strong
ly influenced by fluctuations of sea level and sub
sequent subaerial exposure. Carbonate sediment 
deposition dominated the Florida Platform until 
the end of the Oligocene Epoch (24 mya). The 
resulting Cenozoic carbonate sediment accumula
tion ranges from nearly two thousand feet thick in 
northern Florida to more than five thousand feet 
in the southern part of the state. These carbonate 
sediments form the Floridan aquifer system, one 
of the world's most prolific aquifer systems, 
regional intra-aquifer confining units and the sub-
Floridan confining unit. The sediments supradja
cent to the Floridan aquifer system include quartz 
sands, silts, and clays (siliciclastics) with varying 
admixtures of carbonates as discrete beds and 
sediment matrix. Deposition of these sediments 
occurred from the Miocene (24 mya) to the 
Recent. The Neogene (24 mya to 1.6 mya) and 
Quaternary (1.6 mya to the present) sediments 
form the intermediate aquifer system and/or con
fining unit and the surficial aquifer system (Figure 
4). 

Geologic History 

Florida's basement rocks, those rocks older than 
Early Jurassic (>200 mya), are a fragment of the 
African Plate which remained attached to the 
North American Plate when the continents sepa
rated in the mid-Mesozoic. This fragment of the 
African Plate provided the base for the develop
ment of a carbonate platform which included the 
Bahama Platform and the Florida Platform (Smith, 
1982). The Florida Straits separated the Bahama 
Platform from the Florida Platform by the begin
ning ofthe Late Cretaceous (approximately 100 
mya) (Sheridan etal., 1981). 

Carbonate sediments dominated the depositional 
environments from the mid-Mesozoic (approxi
mately 145 mya) in southern and central Florida 

and from the earliest Cenozoic (approximately 62 
mya) in northern and the eastern panhandle 
Florida. Carbonate sedimentation predominated 
in the Paleogene (67 to 24 mya) throughout most 
of Florida. Evaporite sediments, gypsum, anhy
drite and some halite (salt), developed periodical
ly due to the restriction of circulation in the car
bonate depositional environments. The evaporites 
are most common in the Mesozoic and the 
Paleogene carbonates at and below the base of 
the Floridan aquifer system, where they help form 
the impermeable sub-Floridan confining unit. 

During the early part of the Cenozoic, the 
Paleogene, the siliciclastic sediment supply from 
the north, the Appalachian Mountains, was limit
ed. The mountains had eroded to a low level 
through millions of years of erosion. The minor 
amount of sediment reaching the marine environ
ment was washed away from the Florida Platform 
by currents in the Gulf Trough (Suwannee Straits) 
(Figures 5a and b). This effectively protected the 
carbonate depositional environments of the plat
form from the influx of the siliciclastic sediments. 
As a result, the carbonates of the Paleogene sec
tion are very pure, with extremely limited quanti
ties of siliciclastic sediments. In the central and 
western panhandle areas, which are part of the 
Gulf Coastal Plain, siliciclastic deposition contin
ued well into the Paleogene. Significant carbon
ate deposition did not begin in this area until the 
Late Eocene (40 mya). During the later Eocene, 
as the influx of siliciclastics declined dramatically, 
carbonate depositional environments developed 
to the north and west of the limits of the Florida 
Platform. Carbonate deposition was continuous in 
the central panhandle and intermittent in the 
western panhandle through the Late Oligocene 
(approximately 28 mya). 

During the Late Oligocene to Early Miocene, an 
episode of renewed uplift occurred in the 
Appalachians (Stuckey, 1965). With a renewed 
supply of sediments being eroded and entering 
the fluvial transport systems, siliciclastic sedi
ments flooded the marine environment near the 
southeastern North American coastline. The influx 
of massive quantities of these sediments filled the 
Gulf Trough and encroached onto the carbonate 

4 platform through longshore transport, currents 

and other means. At first, the sands and clays 
were mixed with the carbonate sediments. Later, 
as more and more siliciclastics were transported 
south, the carbonate sediment deposition 
declined to only limited occurrences. Siliciclastic 
sediments, with varying amounts of carbonate in 
the matrix, dominated the depositional environ
ments. The carbonate depositional environments 
were pushed further to the south until virtually the 
entire platform was covered with sands and clays. 
The influx of siliciclastics has diminished some
what during the later Pleistocene and the Recent 
resulting in carbonate deposition occurring in lim
ited areas around the southern portion of the 
Florida Platform. 

The Miocene-aged siliciclastics appear to have 
completely covered the Florida Platform providing 
a relatively impermeable barrier to the vertical 
migration of ground water (Stringfield, 1966; 
Scott, 1981). This aquiclude protected the under
lying carbonate sediments from dissolution. 
Erosion breached the confining unit by the early 
Pleistocene (?) allowing aggressive waters to dis
solve the underlying carbonates. The progressive 
dissolution of the limestones enhanced the sec
ondary porosity of the near-surface sediments of 
the Floridan aquifer system and allowed the 
development of numerous karst features. 

Karst features formed in the Florida peninsula at 
least as early as the latest Oligocene as deter
mined from the occurrence of terrestrial verte
brate faunas (MacFadden and Webb, 1982). 
Based on subsurface data from the interpretation 
of FGS cores, it appears that the development of 
karst in Florida occurred during the Paleogene. 
Unpublished work by Hammes and Budd 
(progress report to the FGS, U. Hammes and D. 
Budd, University of Colorado, 1990) indicates the 
occurrence of numerous "intraformational discon
formities" which resulted in the development of 
"karst, caliche and other subaerial exposure fea
tures...". These disconformities were the result of 
sea level fluctuations on a very shallow water, 
carbonate bank depositional environment. At this 
time there is no documentation of large scale 
karst features forming during these episodes of 
exposure. 
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Structure 

The oldest structures recognized as affecting the 
deposition of sediments of the Florida Platform 
are expressed on the pre-Middle Jurassic erosion
al surface (Arthur, 1988). These include the 
Peninsular Arch, South Florida Basin, Southeast 
Georgia Embayment, Suwannee Straits and the 
Southwest Georgia Embayment or Apalachicola 
Embayment (Figure 5a). These structures affected 
the deposition of the Mesozoic sediments and the 
Early Cenozoic (Paleogene) sediments. The struc
tures recognized on the top of the Paleogene sec
tion are somewhat different than the older fea
tures. The younger features, which variously 
affected the deposition of the Neogene and 
Quaternary sediments, include the Ocala 
Platform, Sanford High, Chattahoochee Anticline, 
Apalachicola Embayment, Gulf Trough, 
Jacksonville Basin (part of the Southeast Georgia 
Embayment), Osceola Low and the Okeechobee 
Basin (Figure 5b). For more specific information 
on these structures and their origins refer to Chen 
(1965), Miller (1986) and Scott (1988a). 

The occurrence and condition of the aquifer sys
tems are directly related to their position with 
respect to the structural features. The Floridan 
aquifer system lies at or near the surface under 
poorly confined to unconfined conditions on the 
positive features such as the Ocala Platform, 
Sanford High and the Chattahoochee Anticline. 
Within the negative areas, (the Apalachicola 
Embayment, Jacksonville Basin, Osceola Basin 
and the Okeechobee Basin) the Floridan aquifer 
system is generally well confined. The intermedi
ate aquifer system is generally absent from the 
positive structures and best developed in the neg
ative areas. The surficial aquifer system may 
occur anywhere in relation to these structures 
where the proper conditions exist. 

The occurrence and development of the beds 
confining the Floridan aquifer system also relate 
to the subsurface structures. On some of the posi
tive areas (Ocala Platform and Chattahoochee 
Anticline) the confining beds ofthe intermediate 
confining unit are absent due to erosion and pos
sibly nondeposition. In those areas where the con
fining units are breached, dissolution ofthe car

bonate sediments developed a karstic terrain. 
Dissolution of the limestones enhanced the 
porosity and permeability of the Floridan aquifer 
system including the development of some cav
ernous flow systems. 

Geomorphology 

Florida's land surface is relatively flat and has 
very low relief. The surface features of Florida are 
the result of the complex interaction of deposition
al and erosional processes. As sea level fluctuat
ed during the later Cenozoic, the Florida Platform 
has repeatedly been inundated by marine waters 
resulting in marine depositional processes domi
nating the development of Florida's geomorpholo
gy. The relict shoreline features found throughout 
most of the state are most easily identified at 
lower elevations, nearer the present coastline. 
Inland and at higher elevations, these features 
have been subjected to more extensive erosion 
and subsequent modification by wind and water. 
In those areas of the state where carbonate rocks 
and shell-bearing sediments are subjected to dis
solution, the geomorphic features may be modi
fied by development of karst features. The extent 
of the modification ranges from minor sagging 
due to the slow dissolution of carbonate or shell 
to the development of large collapse sink-holes. 
The changes that result may make identification 
ofthe original features difficult. 

White (1970) subdivided the State into three 
major geomorphic divisions, the northern or proxi
mal zone, the central or mid-peninsular zone and 
the southern or distal zone (Figure 6). The north
ern zone encompasses the Northwest Florida 
Water Management District and the northern por
tions of the Suwannee River and St. Johns River 
Water Management Districts. The central zone 
includes the southern portions ofthe Suwannee 
River and St. Johns River Water Management 
Districts, the Southwest Florida Water 
Management District and the northern part of the 
South Florida Water Management District. The 
southern zone comprises the remainder of the 
South Florida Water Management District. 

In a broad general sense, the geomorphology of 
Florida consists of the Northern Highlands, the 

Central Highlands and the Coastal Lowlands 
(White, Vernon and Puri in Puri and Vernon, 
1964). White (1970) further subdivided these fea
tures as shown in Figures 7 thru 11. In general, 
the highlands are well drained while the lowlands 
often are swampy, poorly drained areas. The 
highland areas as delimited by White, Vernon and 
Puri in Puri and Vernon (1964) often coincide with 
the areas of "high recharge" as recognized by 
Stewart (1980). Only a few, limited areas of "high 
recharge" occur in the Coastal Lowlands. 

Many of the highland areas in the peninsula to 
the central panhandle exhibit variably developed 
karst features. These range from shallow, broad 
sinkholes that develop slowly to those that are 
large and deep and develop rapidly (Sinclair and 
Stewart, 1985). The development of the karst fea
tures and basins has a direct impact on the 
recharge in the region. The karst features allow 
the rapid infiltration of surface water into the 
aquifer systems and offer direct access to the 
aquifers by pollutants. 

Lithostratigraphy and 
Hydrostratigraphy 

The aquifer systems in Florida are composed of 
sedimentary rock units of varying composition 
and induration which are subdivided into geologic 
formations based on the lithologic characteristics 
(rock composition and physical characteristics). 
Lithostratigraphy is the formal recognition ofthe 
defined geologic formations based on the North 
American Stratigraphic Code (North American 
Commission on Stratigraphic Nomenclature, 
1983). Many units are related by the similarities of 
the sediments while others may be defined on the 
sediment heterogeneity. An aquifer is a body of 
sediment or rock that is sufficiently permeable to 
conduct ground-water and to yield economically 
significant quantities of water to wells and springs 
(Bates and Jackson, 1987). Florida's primary 
aquifers are referred to as aquifer systems due to 
the complex nature of the water-producing zones 
they contain. The aquifer systems are identified 
independently from lithostratigraphic units and 
may include more than one formation or be limit
ed to only a portion of a formation. The succes

sion of hydrostratigraphic units forms the frame
work used to discuss the ground-water system in 
Florida (Figure 4) (Southeastern Geological 
Society Ad Hoc Committee on Florida 
Hydrostratigraphic Unit Definition, 1986). 

The lithostratigraphic and hydrostratigraphic 
framework of Florida shows significant variability 
from north to south and west to east in the penin
sula and the panhandle. The formational units 
discussed are only those Cenozoic sediments 
that relate to the Floridan aquifer system, the 
intermediate aquifer system/confining unit and the 
surficial aquifer system. 

LITHOSTRATIGRAPHY 

The lithostratigraphic units that comprise the 
aquifer systems in Florida occur primarily as sub
surface units with very limited surface exposures. 
As a result of the generally low relief of the state, 
virtually all the lithostratigraphic descriptions are 
from well cuttings and cores used to study the 
sediments. Geophysical logs have proven useful 
in studying the sediments and attempting regional 
correlations (Chen, 1965; Miller, 1986; Scott, 
1988a; Johnson, 1984). 

The following description ofthe lithologic parame
ters of the various units associated with the 
aquifer systems is brief and generalized. More 
complete information concerning these groups 
and formations can be obtained by referring to 
Florida Geological Survey and U. S. Geological 
Survey publications relating to specific areas 
and/or specific aquifers. Statewide data concern
ing the thickness and tops of sediments of 
Paleocene (67-55 mya) and Eocene (55-38 mya) 
age (chronostratigraphic units) can be found in 
Chen (1965) and Miller (1986). Miller (1986) pro
vides this data for Oligocene (38-25 mya) and 
Miocene (25-5.3 mya) sediments. Scott (1988a) 
provides detailed information on the Miocene 
strata in the eastern panhandle and peninsular 
areas. The Plio-Pleistocene (5.3-.01 mya) and the 
Holocene (.01 mya-Present) sediments which 
make up the surficial aquifer system, are dis
cussed in a number of references which are cited 
in the appropriate section of this paper. Figure 4 



FLORIDA GEOLOGICAL SURVEY - SPECIAL PUBLICATION NO. 32 

shows the lithostratigraphic nomenclature utilized 
in this text. 

Cenozoic Erathem 
Tertiary System 

Paleocene Series 

In general, most of the Paleocene sediments in 
the Florida peninsula form the sub-Floridan con
fining unit and only a limited portion of these 
rocks are part of the Floridan aquifer system. 
Siliciclastic sediments predominate in the 
Paleocene section in much ofthe panhandle 
(Chen, 1965; Miller, 1986). The siliciclastic sedi
ments are composed of low permeability marine 
clays, fine sands and impure limestone 
(Miller,1986) which lie below the base ofthe 
Floridan aquifer system. Following Miller (1986), 
the siliciclastic sediments are referred to as 
"Undifferentiated Paleocene Rocks (Sediments)" 
and are not discussed further. 

The siliciclastic sediments grade laterally into car
bonate sediments across the Gulf Trough in the 
eastern panhandle (Chen, 1965). Carbonate sedi
ments, mostly dolostone, occur interbedded with 
evaporite minerals throughout the Paleocene sec
tion in the peninsula (Chen, 1965). These sedi
ments are included in the Cedar Keys Formation 
and occur throughout the peninsular area and into 
the eastern panhandle. 

Cedar Keys Formation 

The Cedar Keys Formation consists primarily of 
dolostone and evaporites (gypsum and anhydrite) 
with a minor percentage of limestone (Chen, 
1965). The upper portion of the Cedar Keys con
sists of coarsely crystalline, porous dolostone. 
The lower portion of the Cedar Keys Formation 
contains more finely crystalline dolostone which is 
interbedded with anhydrite. The Cedar Keys 
Formation grades into the Undifferentiated 
Paleocene Sediments in the eastern panhandle 
(Miller, 1986) which equate with the Wilcox Group 
(Braunstein etal., 1988). 

The configuration ofthe Paleocene sediments in 
peninsular Florida reflect depositional controls 
inherited from the pre-existing Mesozoic struc
tures, including the Peninsular Arch, Southeast 
Georgia Embayment, and the South Florida Basin 
(Miller, 1986). The Cedar Keys Formation forms 
the base of the Floridan aquifer system through
out the peninsula except in the northwestern-most 
peninsular area where the Oldsmar Formation 
forms the base (Miller, 1986). The upper, porous 
dolostone comprises the lowest beds of the 
Floridan aquifer system. The lower Cedar Keys 
Formation is significantly less porous, contains 
evaporites and forms the sub-Floridan confining 
unit. 

Eocene Series 

The sediments of the Eocene Series that form 
portions of the Floridan aquifer system are car
bonates. During the Early Eocene, deposition fol
lowed a distribution pattern similar to the 
Paleocene carbonate sediments. However, 
through the Eocene, carbonate-forming environ
ments slowly encroached further north and west 
over what had been siliciclastic depositional envi
ronments during the Paleocene. The Eocene car
bonate sediments are placed in the Oldsmar 
Formation, Avon Park Formation and the Ocala 
Group. The Eocene carbonate sediments com
prise a large part of the Floridan aquifer system. 

Claiborne Group 

The Lower to Middle Eocene Claiborne Group 
unconformably (?) overlies the undifferentiated 
Lower Eocene and Paleocene sediments. The 
Claiborne Group consists of the Tallahatta and 
Lisbon Formations which are lithologically nearly 
identical and are not separated. The group is 
composed of glauconitic, often clayey sand grad
ing into fine-grained limestone to the south (Allen, 
1987). The Claiborne Group ranges from 250 to 
400 feet below NGVD and is up to 350 feet thick 
(Allen, 1987). It is unconformably overlain by the 
Ocala Limestone. 

Oldsmar Formation 

The Oldsmar Formation consists predominantly of 
limestone interbedded with vuggy dolostone. 
Dolomitization is usually more extensive in the 
lower portion ofthe section. Pore-filling gypsum 
and thin beds of anhydrite occur in some places, 
often forming the base of the Floridan aquifer sys
tem (Miller, 1986). 

The Oldsmar Formation is recognized throughout 
the Florida peninsula. It grades laterally in the 
eastern panhandle into Undifferentiated Lower to 
Middle Eocene sediments equivalent to the 
Claiborne Group. The undifferentiated sediments 
are marine shales, siltstones, fine sandstones 
and impure limestones (Miller, 1986). 

Avon Park Formation 

The Middle Eocene sediments of peninsular 
Florida as originally described by Applin and 
Applin (1944) were subdivided, in ascending 
order, into the Lake City Limestone and the Avon 
Park Limestone. Miller (1986) recommended the 
inclusion of the Lake City in the Avon Park based 
on the very similar nature of the sediments. Miller 
also changed the term limestone to formation due 
to the presence of significant quantities of dolo
stone within the expanded Avon Park Formation. 

The Avon Park Formation is primarily composed 
of fossiliferous limestone interbedded with vuggy 
dolostone. In a few, limited areas of west-central 
Florida, evaporites are present as vug fillings in 
dolostone. 

The Avon Park Formation occurs throughout the 
Florida peninsula and the eastern panhandle in a 
pattern very similar to the underlying Oldsmar 
Formation. The oldest rocks cropping out in 
Florida belong to the Avon Park Formation. These 
sediments are locally exposed on the crest of the 
Ocala Platform in west-central peninsular Florida. 

The carbonate sediments of the Avon Park 
Formation form part of the Floridan aquifer sys
tem and serve to subdivide it into an upper and 

lower Floridan in many areas. Miller (1986) recog
nized that portions of the Avon Park Formation 
are fine-grained and have low permeability, often 
acting as a confining bed in the middle of the 
Floridan aquifer system. In Brevard County, for 
example, these low permeability beds are relied 
upon to keep less desirable water injected into 
the lower Floridan from migrating into the potable 
water of the upper Floridan. 

Ocala Limestone 

Dall and Harris (1892) referred to the limestones 
exposed in central peninsular Florida near the city 
of Ocala in Marion County as the Ocala 
Limestone. Puri (1957) raised the Ocala to group 
and recognized formations based on the incorpo
rated foraminiferal faunas. As a result of the bios-
tratigraphic nature of these subdivisions, forma
tional recognition is often difficult. In keeping with 
the intent of the Code of Stratigraphic 
Nomenclature, in this text, the Florida Geological 
Survey is returning to the use of the Ocala 
Limestone terminology. 

The lower and upper subdivisions of the Ocala 
Limestone are based on distinct lithologic differ
ences. The lower subdivision consists of a more 
granular limestone (grainstone to packstone). The 
lower facies is not present everywhere and may 
be partially to completely dolomitized in some 
regions (Miller, 1986). The upper unit is com
posed of variably muddy (carbonate), granular 
limestone (packstone to wackestone with very 
limited grainstone). Often this unit is very soft and 
friable with numerous large foraminifera. In south
ern Florida, virtually the entire Ocala Limestone 
consists of a muddy (carbonate) to finely pelletal 
limestone (Miller,1986). Chert is a common com
ponent of the upper portion of the Ocala 
Limestone. The Bumpnose "Formation", a very 
early Oligocene fossiliferous limestone, is litholog
ically very similar to the Ocala Limestone. It is 
included in the Ocala Limestone in this report. 

The sediments of the Ocala Limestone form one 
of the most permeable zones within the Floridan 
aquifer system. The Ocala Limestone comprises 



FLORIDA GEOLOGICAL SURVEY - SPECIAL PUBLICATION NO. 32 

much of the Floridan aquifer system in the cen
tral and western panhandle. The extensive devel
opment of secondary porosity by dissolution has 
greatly enhanced the permeability, especially in 
those areas where the confining beds are 
breached or absent. The Ocala Limestone forms 
the lower portion of the Floridan in the western 
panhandle (Wagner, 1982). In much ofthe penin
sular area, it comprises all or part of the upper 
Floridan. 

By Late Eocene, carbonate sediments were 
deposited significantly further to the north and 
west than had previously occurred during the 
Cenozoic. The Ocala Limestone is present 
throughout much of the State except where the 
unit has been erosionally removed. This occurs 
in outcrop on the crest of the Ocala Platform and 
in the subsurface on the Sanford High, a limited 
area in central Florida and a relatively large area 
in southernmost Florida (Miller, 1986). Chen 
(1965) suggests that the Ocala Limestone is also 
absent in a portion of Palm Beach County in 
eastern southern Florida. The surface and thick
ness of the Ocala Limestone are highly irregular 
due to dissolution of the limestones as karst 
topography developed. 

Oligocene Series 

The carbonate sediments of the Oligocene 
Series form much of the upper portion of the 
Floridan aquifer system in Florida. The deposi
tional pattern ofthe Oligocene sediments shows 
that carbonate sediments were deposited well 
updip to the north of the Florida Platform (Miller, 
1986). In the central panhandle and to the west, 
siliciclastic sediments began to be mixed with the 
carbonates. 

The Oligocene sediments in peninsular Florida 
and part of the panhandle are characteristically 
assigned to the Suwannee Limestone. The 
Oligocene sediments in the central and western 
panhandle are placed in the Marianna, 
Bucatunna and Chickasawhay Formations (Miller, 
1986). In the westernmost panhandle, the lower 
carbonates of the Suwannee Limestone grade 
into the siliciclastic Byram Formation (Braunstein 
etal., 1988). 

Suwannee Limestone 

The Suwannee Limestone consists primarily of 
variably vuggy and muddy (carbonate) limestone 
(grainstone to packstone). The occurrence of a 
vuggy, porous dolostone is recognized in the type 
area, the eastern to central panhandle and in 
southwest Florida. The dolostone often occurs 
interbedded between limestone beds. 

The Suwannee Limestone is absent throughout a 
large area of the northern and central peninsula 
probably due to erosion. Scattered outliers of 
Suwannee Limestone are present within this 
area. Where it is present, the Suwannee 
Limestone forms much of the upper portion of the 
Floridan aquifer system. The reader is referred to 
Miller (1986) for a map of the occurrence of the 
Suwannee Limestone in the peninsula. 

Marianna Limestone 

The Marianna Limestone is a fossiliferous, vari
ably argillaceous limestone (packstone to wacke
stone) that occurs in the central panhandle. It is 
laterally equivalent to the lower portion of the 
Suwannee Limestone. The Marianna Limestone 
forms a portion of the uppermost Floridan aquifer 
system in the central panhandle region. 

Bucatunna Clay Member of the 
Byram Formation 

The Bucatunna Clay Member is silty to finely 
sandy clay. Fossils are generally scarce in the 
Bucatunna (Marsh, 1966). The sand content of 
the Bucatunna ranges from very minor percent
ages to as much as 40 percent (Marsh, 1966). 

The Bucatunna Clay Member has a limited distri
bution in the western panhandle. It occurs from 
the western end of the state eastward to approxi
mately the Okaloosa-Walton County line where it 
pinches out (Marsh, 1966). The Bucatunna Clay 
Member provides an effective intra-aquifer confin
ing unit in the middle of the Floridan aquifer sys
tem in the western panhandle. 

Chickasawhay Formation 

Marsh (1966) describes the Chickasawhay 
Formation as being composed of highly porous 
limestone and dolomitic limestone. This is often 
interbedded with porous to compact dolomitic 
limestone to dolostone. The Chickasawhay 
Formation grades into the upper Suwannee 
Limestone eastward. Due to difficulty in separating 
the Chickasawhay from the Lower Miocene lime
stones in the western panhandle, both Marsh 
(1966) and Miller (1986) included thin beds of 
possible Lower Miocene carbonate in the upper 
portion of the Chickasawhay Formation. The per
meable sediments of the Chickasawhay 
Formation form part of the upper Floridan in the 
western panhandle (Wagner, 1982). 

Miocene Series 

The Miocene Epoch was a time of significant 
change in the depositional sequence on the 
Florida Platform and the adjacent Gulf and Atlantic 
Coastal Plains. During the early part of the 
Miocene, carbonate sediments continued to be 
deposited over most of the State. Intermixed with 
the carbonates were increasing percentages of 
siliciclastic sediments. By the end of the Early 
Miocene, the deposition of carbonate sediments 
was occurring only in southern peninsular Florida. 
Siliciclastic deposition dominated the Middle 
Miocene statewide with this trend continuing into 
the Late Miocene. 

The basal Miocene carbonate sediments often 
form the uppermost portion ofthe Floridan aquifer 
system. The remainder ofthe Miocene sediments 
form much of the intermediate aquifer system and 
intermediate confining system. In some instances, 
these sediments may also be included in the surfi
cial aquifer system. 

Unusual depositional conditions existed during the 
Miocene as is evident from the occurrence of 
abundant phosphate, palygorskite, opaline cherts 
and other uncommon minerals plus an abundance 
of dolomite within the Hawthorn Group (Scott, 
1988a). The presence of these minerals may influ
ence ground-water quality in areas where the 

Miocene sediments are being weathered. 
Ground-water quality may also be affected where 
these sediments form the upper portion of the 
Floridan aquifer system or portions of the inter
mediate aquifer system. 

Current geologic thought holds that in the penin
sula the Miocene section is composed of the 
Hawthorn Group. The Tampa Formation is 
included as a member in the basal Hawthorn 
Group. In the panhandle, the Lower Miocene 
remains the Chattahoochee and St. Marks 
Formations, the Middle Miocene Alum Bluff 
Group and the Upper Miocene Choctawhatchee 
Formation and equivalents. Formations previous
ly mentioned in the literature as being Miocene in 
age include the Tamiami, which is Pliocene in 
age, and the Miccosukee Formation which is 
now recognized as being Late Pliocene to possi
bly early Pleistocene in age. 

The Miocene sediments are absent from the 
Ocala Platform and the Sanford High (Scott, 
1988a). These sediments are as much as 800 
feet thick in southwest Florida (Miller, 1986; 
Scott, 1988a), 500 feet thick in the northeastern 
peninsula (Scott, 1988a) and 900 to 1000 feet 
thick in the westernmost panhandle (Miller, 
1986). 

Chattahoochee Formation 

The Chattahoochee Formation is predominantly 
a fine-grained, often fossiliferous, silty to sandy 
dolostone which is variable to a limestone 
(Huddlestun, 1988). Fine-grained sand and silt 
may also form beds with various admixtures of 
dolomite and clay minerals. Clay beds may also 
be common in some areas (Puri and Vernon, 
1964). 

The Chattahoochee Formation occurs in a limit
ed area of the central panhandle from the axis of 
the Gulf Trough westward. It appears that the 
Chattahoochee grades to the west into a carbon
ate unit alternately referred to as Tampa 
Limestone (Marsh, 1966; Miller, 1986) or St. 
Marks (Puri and Vernon, 1964; NWFWMD Staff, 
1975). Northward into Georgia, this unit grades 
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into the basal Hawthorn Group (Huddlestun, 
1988). To the east ofthe axis ofthe Gulf Trough, 
the Chattahoochee Formation grades into the St. 
Marks Formation (Puri and Vernon, 1964; Scott, 
1986). The gradational change between the 
Chattahoochee and St. Marks Formations occurs 
over a broad area of Leon and Gadsden Counties 
(Scott, 1986). The sediments of the 
Chattahoochee Formation comprise the upper 
zone of the Floridan aquifer system in the central 
panhandle. 

St. Marks Formation 

The St. Marks Formation is a fossiliferous lime
stone (packstone to wackestone). Sand grains 
occur scattered in an often very moldic limestone. 
The lithology of the St. Marks and the associated 
units in the Apalachicola Embayment and to the 
west are often difficult to separate (Schmidt, 
1984). The St. Marks Formation lithology can be 
traced in cores grading into the Chattahoochee 
Formation (Scott, 1986). This formation forms the 
upper part of the Floridan aquifer system in por
tions of the eastern and central panhandle. 

Hawthorn Group 

The Hawthorn Group is a complex series of the 
phosphate-bearing Miocene sediments in penin
sular and eastern panhandle Florida. The carbon
ate sediments ofthe Hawthorn Group are primari
ly fine-grained and contain varying admixtures of 
clay, silt, sand and phosphate. Dolostone is the 
dominant carbonate sediment type in the northern 
two-thirds of the peninsula while limestone pre
dominates in the southern peninsula and in the 
eastern panhandle area. 

The siliciclastic sediment component consists of 
fine- to coarse-grained quartz sand, quartz silt 
and clay minerals in widely varying proportions. 
The clay minerals present include palygorskite, 
smectite and illite with kaolinite occurring in the 
weathered sediments. 

The top of the Hawthorn Group is a highly irregu
lar erosional and karstic surface. This uncon
formable surface can exhibit dramatic local relief 
especially in outcrop along the flanks of the Ocala 

Platform. Figures 12 through 19 show the top and 
thickness ofthe Hawthorn Group sediments 
which comprise the intermediate aquifer 
system/confining unit. 

In the peninsula, the Hawthorn Group can be bro
ken into a northern section and a southern sec
tion. The northern section consists of interbedded 
phosphatic carbonates and siliciclastics with a 
trend of increasing siliciclastics in the younger 
sediments. In ascending order, the formations in 
northern Florida are the Penney Farms, Marks 
Head and Coosawhatchee and its lateral equiva
lent Statenville (Scott, 1988a). The sediments 
comprising these formations characteristically 
have low permeabilities and form an effective 
aquiclude, the intermediate confining unit. In a 
few areas, permeabilities within the Hawthorn 
sediments are locally high enough to allow the 
limited development of an intermediate aquifer 
system. 

The southern section consists of a lower domi-
nantly phosphatic carbonate section and an upper 
phosphatic siliciclastic section. In the southern 
area, in addition to increasing siliciclastics upsec-
tion, there is also a trend of increasing siliciclas
tics from west to east in the lower carbonate sec
tion. The Hawthorn Group in southern Florida has 
been subdivided into, in ascending order: the 
Arcadia Formation with the former Tampa 
Formation as a basal member; and the Peace 
River Formation (Scott, 1988a). Throughout much 
of south Florida these sediments have limited or 
low permeabilities and form an effective interme
diate confining unit. However, where the Tampa 
Member is present and permeable enough, it may 
form the upper portion of the Floridan aquifer sys
tem. In portions of southwestern Florida the 
Hawthorn sediments are permeable enough to 
form several important producing zones in the 
intermediate aquifer system (Knapp et al.l 1986; 
Smith and Adams 1988). 

The Hawthorn Group, Torreya Formation sedi
ments in the eastern panhandle are predominant
ly siliciclastics with limited amounts of carbonates 
(Scott) 1988a). In this area, carbonates become 
increasingly important in the Gulf Trough where 
the basal Hawthorn sediments are fine-grained 8 

carbonates. The siliciclastic sediments are very 
clayey and form an effective intermediate confin
ing unit. The carbonate sediments may locally be 
permeable enough to form the upper portion of 
the Floridan aquifer system. 

Bruce Creek Limestone 

Huddlestun (1976) applied the name Bruce Creek 
Limestone to late Middle Miocene limestones 
occurring in the Apalachicola Embayment and 
coastal areas of the central and western panhan
dle. The Bruce Creek Limestone is a fossiliferous 
variably sandy limestone (Schmidt, 1984). This 
lithology becomes indistinguishable, to the east, 
from lithologies found in the St. Marks Formation 
(Schmidt, 1984). The Bruce Creek Limestone is 
laterally equivalent to and grades into the lower 
portion of the Alum Bluff Group (Schmidt, 1984). 
The Bruce Creek Limestone forms part of the 
upper Floridan aquifer system in the central and 
western panhandle. 

Alum Bluff Group 

West ofthe Apalachicola River in the Florida pan
handle, the Hawthorn Group is replaced by the 
Alum Bluff Group. The Alum Bluff Group includes 
the Chipola Formation, Oak Grove Sand, Shoal 
River Formation and the Choctawhatchee 
Formation (Braunstein etal.l 1988). The forma
tions included in this group are generally defined 
on the basis of their molluskan faunas and are of 
variable area, extents. These sediments can be 
distinguished as a lithologic entity at the group 
level and will be referred to as such in this text. 

The Alum Bluff Group consists of clays, sands 
and shell beds which may vary from a fossilifer
ous, sandy clay to a pure sand or clay and occa
sional carbonate beds or lenses. The Jackson 
Bluff Formation is currently thought to be Late 
Pliocene in age; and, even though Huddlestun 
(1976) included it in the Alum Bluff Group, it was 
not included in the Alum Bluff Group on the latest 
correlation charts (Braunstein et al.l 1988). 
Sediments comprising the Jackson Bluff 
Formation are very similar to those making up the 
Alum Bluff Group. 

The sediments comprising the Alum Bluff Group 
are generally impermeable due to the abundance 
of clay-sized particles. These sediments form an 
important part of the intermediate confining unit in 
the central panhandle. 

Pensacola Clay 

The Pensacola Clay consists of three members: 
lower and upper clay members and a middle 
sand member; the Escambia Sand (Marsh, 1966). 
Lithologically, the clay members consist of silty, 
sandy clays with carbonized plant remains 
(Marsh, 1966). The sand member is fine to 
coarse, quartz sand. Marine fossils are rarely pre
sent in the Pensacola Clay with the exception of a 
fossiliferous layer near the base (Clark and 
Schmidt, 1982). The Pensacola Clay grades later
ally into the lower portion of the (Miocene Coarse 
Clastics) to the north and the Alum Bluff Group 
and the lower Intracoastal Formation to the east 
(Clark and Schmidt, 1982). 

The Pensacola Clay forms the intermediate con
fining unit for the Floridan in the western panhan
dle. It lies immediately supradjacent to the lime
stones of the upper Floridan aquifer system. 

Intracoastal Formation 

Schmidt (1984) describes the Intracoastal 
Formation as a very sandy, highly microfossilifer-
ous, poorly consolidated, argillaceous, cal-
carenitic limestone." Phosphate is generally pre
sent in amounts greater than one percent. This 
unit is laterally gradational with the Pensacola 
Clay and Mio-Pliocene "Coarse Clastics" 
(Schmidt, 1984). The lower Intracoastal 
Formation is Middle Miocene while the upper por
tion is Late Pliocene. Wagner (1982) indicates 
that the Intracoastal Formation forms part of the 
intermediate confining unit in the central to west
ern panhandle. 

Pliocene-Pleistocene Series 

The sediments ofthe Pliocene-Pleistocene Series 
occur over most of the State. These sediments 
range from nonfossiliferous, clean sands to very 
fossiliferous, sandy clays and carbonates. 
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Lithologic units comprising this series include the 
'Coarse Clastics, Tamiami Formation Citronelle 
Formation, Miccosukee Formation Cypresshead 
Formation, Nashua Formation, Caloosahatchee 
formation, Fort Thompson Formation, Key Largo 
Limestone, Miami Limestone, Anastasia 
Formation and Undifferentiated Pleistocene-
Holocene sediments. The upper portion of the 
Intracoastal Formation is Pliocene and is dis
cussed with the lower Intracoastal Formation 
under the Miocene Series. 

"Coarse Clastics" 

The name "Coarse Clastics" has been applied to 
sequences of quartz sands and gravels in a num
ber of areas around Florida. These sediments are 
often referred to in the literature as "Miocene 
Coarse Clastics" (for example) Puri and Vernon 
1964) 

In northern Florida, these sediments are referred 
to as the Cypresshead Formation of Late 
Pliocene to Early Pleistocene age (Scott, 1988b). 
In southern Florida Knapp et al. (1986) referred to 
these sediments as the (Miocene Coarse 
Clastics) and placed them in the Hawthorn Group. 
In the panhandle, Marsh (1966) mentions 
the"Miocene Coarse Clastics" as sands and grav
el with some clay which underlie the Citronelle 
Formation. 

In the panhandle, the "Coarse Clastics" are vari
ably clayey sands with gravel and some shell 
material (Clark and Schmidt, 1982). These silici
clastics occur in Escambia, Santa Rosa and west
ern Okaloosa Counties in the western panhandle. 
They equate in part to the upper part of the 
Pensacola Clay, part of the Intracoastal Formation 
and part of the Alum Bluff Group. 

In southern peninsular Florida the coarse silici
clastics are fine to very coarse quartz sands with 
quartz gravel and variable amounts of clay, car
bonate and phosphate. These sediments may 
equate with the Cypresshead Formation sedi
ments in central and northern Florida. 

These siliciclastic sediments form important 
aquifer systems in portions of southern and pan

handle Florida. In the western panhandle, the 
"Coarse Clastics" form a portion of the Sand-and-
Gravel aquifer, part of the surficial aquifer system. 
These sediments also comprise a portion of the 
surficial aquifer system in the peninsular area, 
especially in southern Florida. 

Tamiami Formation 

The Tamiami Formation consists of the Pinecrest 
Sand Member; the Ochopee Limestone Member; 
and the Buckingham Limestone Member (Hunter, 
1968). The various facies of the Tamiami occur 
over a wide area of southern Florida. The rela
tionships of the facies are not well known due to: 
1- the complex set of depositional environments 
that were involved in the formation of the sedi
ments and 2- the Tamiami Formation most often 
occurs as a shallow subsurface unit throughout 
much of its extent. Many of the facies are impor
tant from a hydrogeologic perspective in an area 
of ground-water problems. 

The limestone in the Tamiami Formation occurs 
as two types: 1- a moderately to well- indurated, 
slightly phosphatic, variably sandy, fossiliferous 
limestone (Ochopee) and 2- a poorly indurated to 
unindurated, slightly phosphatic, variably sandy 
fossiliferous limestone (Buckingham). The sand 
facies is often composed of a variably phosphatic 
and sandy, fossiliferous, calcareous, quartz sand 
often containing abundant, well-preserved mol
lusk shells (Pinecrest). The sand varies from a 
well-sorted, clean sand with abundant well-pre
served shells and traces of silt- sized phosphate 
in the type Pinecrest Sand Member (Hunter, 
1968) to a clayey sand with sand-sized phos
phate, clay-sized carbonate in the matrix and 
abundant, well preserved mollusk shells. 
Siliciclastic sediments (undifferentiated) of this 
age appear to occur along the eastern side of the 
peninsula but have not been assigned to the 
Tamiami Formation. 

Sediments of the Tamiami Formation exhibit vari
able permeabilities and form the lower Tamiami 
aquifer and Tamiami confining beds of the surfi
cial aquifer system (Knapp et al., 1986). Smith 
and Adams (1988) indicate that the upper 
Tamiami sediments form the basal portion of the 

water table aquifer overlying the Tamiami confin
ing beds. 

Citronelle Formation 

The Citronelle Formation is composed of fine to 
very coarse siliciclastics. The name was extended 
to include the siliciclastics comprising the central 
ridge system in the Florida peninsula by Cooke 
(1945). As it is currently recognized, the Citronelle 
Formation occurs only in the panhandle. The unit 
is recognized from central Gadsden County on 
the east to the western boundary of the State. 
The Citronelle Formation is composed of very fine 
to very coarse, poorly sorted, angular to subangu-
lar quartz sand. The unit contains significant 
amounts of clay, silt and gravel which may occur 
as beds, lenses or stringers and may vary rapidly 
over short distances. Limonite nodules and 
limonitic cemented zones are common . 

The Citronelle Formation extends over much of 
the central and western panhandle. Previous 
investigators encountered problems in the sepa
ration of the Citronelle and the overlying terrace 
deposits and generally considered the thickness 
of the Citronelle including these younger sedi
ments (Marsh, 1966; Coe, 1979). The Citronelle 
Formation grades laterally into the Miccosukee 
Formation through a broad transition zone in 
Gadsden County. The Citronelle Formation forms 
an important part of the Sand-and-Gravel aquifer 
in the western panhandle and produces up to 
2,000 gallons of water per minute (Wagner, 
1982). 

Miccosukee Formation 

Hendry and Yon (1967) describe the Miccosukee 
Formation as consisting of interbedded and 
cross-bedded clay, silt, sand and gravel of varying 
coarseness and admixtures. Limonite pebbles are 
common in the unit. The Miccosukee Formation 
occurs in the eastern panhandle from central 
Gadsden County on the west to eastern Madison 
County on the east. Due to its clayey naturel the 
Miccosukee Formation does not produce signifi
cant amounts of water. It is generally considered 
to be part of the surficial aquifer system 

9 (Southeastern Geological Society 1986). 

Cypresshead Formation 

The name Cypresshead Formation was first used 
by Huddlestun (1988). It was extended into 
Florida by Scott (1988b). The Cypresshead 
Formation is composed entirely of siliciclastics; 
predominantly quartz and clay minerals. The unit 
is characteristically a mottled, fine- to coarse
grained, often gravelly, variably clayey quartz 
sand. As a result of weathering, the clay compo
nent of these sediments has characteristically 
been altered to kaolinite. Clay serves as a binding 
matrix for the sands and gravels. Clay content 
may vary from absent to more than fifty percent in 
sandy clay lithologies although the average clay 
content is 10 to 20 percent. These sediments are 
often thinly bedded with zones of cross bedding. 
The Cypresshead Formation appears to occur in 
the Central Highlands of the peninsula south to 
northern Highlands County, although the extent of 
the Cypresshead Formation has not been accu
rately mapped in this area. This unit may locally 
comprise the surficial aquifer system where clay 
content is low. 

Nashua Formation 

The Nashua is a fossiliferous, variably calcare
ous, sometimes clayey, quartz sand. The fossil 
content is variable from a shelly sand to a shell 
hash. The dominant fossils are mollusks. 

The extent of the Nashua in northern Florida is 
not currently known. It extends some distance 
into Georgia and appears to grade laterally into 
the Cypresshead Formation (Huddlestun, 1988). 
The Nashua Formation may produce limited 
amounts of water in localized areas where it 
forms part of the surficial aquifer system. 

Caloosahatchee Formation 

The Caloosahatchee Formation consists of fossil
iferous quartz sand with variable amounts of car
bonate matrix interbedded with variably sandy, 
shelly limestones. The sediments vary from non-
indurated to well indurated. The fauna associated 
with these sediments are varied and often well 
preserved. Fresh water limestones are commonly 
present within this unit. 
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Sediments identified as part ofthe 
Caloosahatchee Formation by various investiga
tors occur from north of Tampa on the west coast 
south to Lee County, eastward to the East Coast 
then northward into northern Florida (DuBar, 
1974). The Caloosahatchee Formation as used 
here includes those sediments informally referred 
to as the Bermont Formation (DuBar 1974). 

In most hydrogeologic investigations of southern 
Florida the Caloosahatchee Formation is not dif
ferentiated from the Fort Thompson Formation 
and other faunal units. The undifferentiated sedi
ments form much of the surficial aquifer system. 

Fort Thompson Formation 

The Fort Thompson Formation consists of 
interbedded shell beds and limestones. The shell 
beds are characteristically variably sandy and 
slightly indurated to unindurated. The sandy lime
stones present in the Fort Thompson Formation 
were deposited under both freshwater and marine 
conditions. The sand present in these sediments 
is fine- to medium-grained. The sediments of Fort 
Thompson age in central Florida along the east 
coast, consist of fine to medium quartz sand with 
abundant mollusk shells and a minor but variable 
clay content. 

The Fort Thompson Formation, as the 
Caloosahatchee Formation, is part ofthe undiffer
entiated sediments in southern Florida. It forms a 
portion of the surficial aquifer system. 

Key Largo Limestone 

The Key Largo Limestone is a coralline limestone 
composed of coral heads encased in a matrix of 
calcarenite (Stanley, 1966). Hoffmeister and 
Multer (1968) indicate that the Key Largo 
Limestone occurs in the subsurface from as far 
north as Miami Beach to as far south as the 
Lower Keys. The fossil reef tract represented by 
the Key Largo sediments may be as much as 8 
miles wide (DuBar, 1974). Near the northern and 
southern limits ofthe Key Largo Limestone, it is 
overlain conformably by the Miami Limestone with 
which the Key Largo is, in part, laterally equiva
lent. 

The Key Largo Limestone forms a part of the 
Biscayne aquifer of the surficial aquifer system. 
The Biscayne aquifer provides water for areas of 
Dade, Broward and Monroe Counties. 

Miami Limestone 

The Miami Limestone includes an oolitic facies 
and a bryozoan facies. The bryozoan facies 
underlies and extends west of the western bound
ary of the oolitic facies. The bryozoan facies con
sists of calcareous bryozoan colonies imbedded 
in a matrix of ooids, pellets and skeletal sand. It 
generally occurs as a variably sandy, recrystal-
lized, fossiliferous limestone (Hoffmeister et al.l 
1967). The oolitic facies consists of variably 
sandy limestone composed primarily of oolites 
with scattered concentrations of fossils. 

Hoffmeister et al. (1967) indicate that the Miami 
Limestone covers Dade County, much of Monroe 
County and the southern part of Broward County. 
It grades laterally to the south into the Key Largo 
Limestone and to the north into the Anastasia 
Formation. The oolitic facies underlies the Atlantic 
Coastal Ridge southward from southern Palm 
Beach County to southern Dade County. 

The Miami Limestone forms a portion of the 
Biscayne aquifer of the surficial aquifer system. It 
is very porous and permeable due to the dissolu
tion of carbonate by ground water as it recharges 
the aquifer system. 

Anastasia Formation 

The Anastasia Formation consists of interbedded 
quartz sands and coquinoid limestones. The sand 
beds consist of fine to medium- grained, variably 
fossiliferous, calcareous, quartz sand. The con
tained fossils are primarily broken and abraided 
mollusk shells. The limestone beds, commonly 
called coquina, are composed of shell fragments, 
scattered whole shells and quartz sand enclosed 
in a calcareous matrix, usually sparry calcite 
cement. 

The Anastasia Formation forms the Atlantic 
Coastal Ridge through most of its length (White, 
1970). Natural exposures of this unit occur scat

tered along the east coast from St. Augustine 
south to southern Palm Beach County near Boca 
Raton. South of this area the Anastasia Formation 
grades into the Miami Limestone. Cooke (1945) 
felt that the Anastasia Formation extended no 
more than three miles inland from the Intracoastal 
Waterway. Field work by this author (Scott) sug
gests that the Anastasia may extend as much as 
10 miles Inland; although, Schroeder (1954) sug
gests that this unit may occur more than 20 miles 
Inland. 

The Anastasia Formation forms a portion of the 
surficial aquifer system along the eastern coast of 
the state. Ground water Is withdrawn from the 
Anastasia Formation In many areas along the 
Atlantic Coastal Ridge where, locally, it may be 
the major source of ground water. Near the south
ern extent of the Anastasia Formation, it forms a 
portion ofthe Biscayne aquifer (Hoffmeister, 
1974). 

Undifferentiated Pleistocene-Holocene 
Sediments 

The sediments referred to as the undifferenti
ated Pleistocene-Holocene sediments" cover 
much of Florida effectively hiding most older sedi
ments. Included in this category are marine "ter
race" sediments, eolian sand dunes, fluvial 
deposits, fresh water carbonates, peats and a 
wide variety of sediment mixtures. These sedi
ments often occur as thin layers overlying older 
formations and are not definable as formations. 
As such, these sediments have been referred to 
by many different names including Pliocene to 
Recent sands. Pleistocene sands. Pleistocene 
Terrace Deposits. 

The sediments incorporated In this category are 
most often quartz sands. The sands range from 
fine- to coarse-grained, nonindurated to poorly 
Indurated and nonclayey to slightly clayey. Gravel 
may be present In these sediments in the pan
handle area. Other sediments included in this 
group include peat deposits, some clay beds, and 
freshwater carbonates. The freshwater carbon
ates occur in many freshwater springs and In 
large areas of the Everglades. 

Locally, these sediments may form a portion of 
the surficial aquifer system. The greatest thick
nesses of these sediments occurs infilling pale
okarst features where more than 300 feet of 
undifferentiated Pleistocene-Holocene sediments 
have been recorded (Florida Geological Survey, 
unpublished well data). 

HYDROSTRATIGRAPHY 

The hydrostratigraphy ofthe Florida Platform has 
been the focus of numerous investigations by the 
various water management districts, the USGS 
and the FGS. The hydrostratigraphic framework 
recognized in Florida consists ofa thick sequence 
of Cenozoic sediments which comprise the 
Floridan aquifer system, the intermediate aquifer 
system/confining unit and the surficial aquifer sys
tem (Figure 4) (Southeastern Geological Society 
Ad Hoc Committee, 1986). The Floridan aquifer 
system underlies much ofthe State, providing 
abundant potable water for a rapidly expanding 
population (Figure 20). In limited areas through
out the State, the intermediate aquifer system is 
utilized. Water is also withdrawn from the surficial 
aquifer system in many areas particularly in the 
western panhandle and southern Florida. As an 
example, Figure 21 illustrates the extent and 
occurrence of ground-water systems in the 
NWFWMD area of the panhandle. 

The hydrologic parameters of each aquifer sys
tem vary widely from one area of the state to 
another as do the lithologies of the sediments. 
Hydrologic subdivisions do not have to conform to 
the lithostratigraphic framework. 

Each water management district has identified 
surface-water basins and ground- water areas. 
The surface-water basins (Figures 22 through 26) 
delineate the areas influenced by the tributaries of 
the major drainage features. The ground-water 
areas (Figures 27 through 31) were delineated as 
convenient study areas. Maps representing the 
potentiometric surface of the Floridan aquifer sys
tem were constructed for each district (Figures 32 
through 36). 
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Surficial aquifer system 

The surficial aquifer system is defined by the 
Southeastern Geological Society (SEGS) Ad Hoc 
Committee on Florida Hydro-stratigraphic Unit 
Definition (1986) as "the permeable hydrologic 
unit contiguous with the land surface that is com
prised principally of unconsolidated to poorly 
indurated, siliciclastic deposits. It also includes 
well-indurated carbonate rocks, other than those 
of the Floridan aquifer system where the Floridan 
is at or near land surface. Rocks making up the 
surficial aquifer system belong to all or part of the 
Upper Miocene to Holocene Series. It contains 
the water table, and the water within it is under 
mainly unconfined conditions; but beds of low 
permeability may cause semi- confined or locally 
confined conditions to prevail in its deeper parts. 
The lower limit of the surficial aquifer system coin
cides with the top of the laterally extensive and 
vertically persistent beds of much lower perme
ability". 

Some areas of the state rely heavily upon the sur
ficial aquifer system for potable water in areas 
where the water quality of the Floridan aquifer 
system is poor. The two main aquifers of the surfi
cial aquifer system to which names have been 
applied are the Sand and Gravel Aquifer of north
western panhandle Florida and the Biscayne 
Aquifer in southeastern Florida. The distribution of 
these aquifers is limited (Figure 20). Maps delin
eating the thickness of the surficial aquifer system 
were provided by the Northwest Florida Water 
Management District (NWFWMD) (Figure 37) and 
the Southwest Florida Water Management District 
(SWFWMD) (Figure 38). The South Florida Water 
Management District provided a map of the base 
of the surficial aquifer system (Figure 39). Figure 
40 depicts those areas of the SJRWMD where 
the surficial aquifer system is a primary ground
water supplier. 

The surficial aquifer system is composed of 
Pliocene to Holocene quartz sands, shell beds 
and carbonates (Figure 4). In the Florida panhan
dle, these units include the Citronelle and 
Miccosukee Formations and undifferentiated sedi
ments. In the northern portion ofthe peninsula, 
sediments belonging to the Anastasia Formation, 

Cypresshead Formation and Undifferentiated 
Sediments, which include shell beds and lime
stones that are time equivalent to the 
Caloosahatchee and Fort Thompson Formations, 
comprise the surficial aquifer system. In southern 
Florida, the surficial aquifer system consists of the 
Tamiami, Caloosahatchee, Fort Thompson, and 
Anastasia Formations, the Key Largo and Miami 
Limestones and the undifferentiated sediments. 
Following the definition of the Tamiami as pro
posed by Hunter and Wise (1980), the portion of 
the Tamiami previously considered to be the 
lower Tamiami confining unit now forms the upper 
part of the Hawthorn Group of the intermediate 
confining unit. Where a clay bed separates the 
upper and lower limestones of the Tamiami, as in 
Hendry County (Smith and Adams, 1988), the 
clay bed is recognized as a thin confining unit 
within the surficial aquifer system. 

Intermediate aquifer system/confining unit 

The SEGS (1986) defines the intermediate 
aquifer system/confining unit as "all rocks that lie 
between and collectively retard the exchange of 
water between the overlying surficial aquifer sys
tem and the underlying Floridan aquifer system. 
These rocks in general consist of fine-grained 
siliciclastic deposits interlayered with carbonate 
strata belonging to all or parts of the Miocene and 
younger series. In places, poorly-yielding to non-
water-yielding strata mainly occur and there the 
term "intermediate confining unit" applies. In other 
places, one or more low- to moderate-yielding 
aquifers may be interlayered with relatively imper
meable confining beds; there the term "intermedi
ate aquifer system" applies. The aquifers within 
this system contain water under confined condi
tions. 

The top ofthe intermediate aquifer system/confin
ing unit "coincides with the base of the surficial 
aquifer system. The base of the intermediate 
aquifer or confining unit, is at the top of the verti
cally persistent, permeable, carbonate section 
that comprises the Floridan aquifer system, or, in 
other words, that place in the section where silici
clastic layers of significant thickness are absent 
and permeable carbonate rocks are dominant. 
Where the upper layers of the persistent carbon

ate section are of low permeability, they are part 
of either the intermediate aquifer system or inter
mediate confining unit, as applicable to the area." 

The sediments comprising the intermediate 
aquifer system/confining unit exhibit wide variabili
ty over the state. In the central and western pan
handle, this section acts principally as an inter
mediate confining unit for the Floridan aquifer 
system. The formations belonging to the interme
diate confining unit include the Alum Bluff Group, 
Pensacola Clay, Intracoastal Formation, and the 
Chipola Formation (SEGS, 1986). In the eastern 
panhandle, the confining unit includes primarily 
the Hawthorn Group sediments. Figures 41 and 
42 show the top and thickness of the intermediate 
confining unit in the NWFWMD area while Figures 
12 and 13 show the top and thickness of the 
Hawthorn Group sediments in the eastern part of 
the District. In the northern peninsula, the 
Hawthorn Group sediments form the intermediate 
confining unit with minor occurrences of aquifer 
zones (Figures 14 through 17). In the southern 
peninsula, the Hawthorn Group sediments form 
both an intermediate confining unit and an inter
mediate aquifer system. The top and thickness of 
the intermediate aquifer system/confining unit in 
the SWFWMD area is shown in Figures 43 and 
44. The top and isopach ofthe Hawthorn Group 
sediments in southern Florida (SWFWMD and 
SFWMD) are shown on Figures 18 and 19. In 
many areas of the state, impermeable carbonates 
of Eocene and Oligocene age may form the base 
of the intermediate confining unit. Conversely, 
permeable carbonates occurring at the base of 
the Hawthorn Group may be hydraulically con
nected to the Floridan aquifer system and locally 
form the top of the Floridan. 

The intermediate aquifer system plays a very 
important role in the ground-water resources of 
southwestern peninsular Florida. In the Lee 
County and surrounding areas, the intermediate 
aquifer system provides relatively large quantities 
of potable water. The Hawthorn Group may con
tain two producing zones (Wedderburn et al., 
1982) referred to as the mid-Hawthorn aquifer 
and the sandstone aquifer. Figure 45 illustrates 
the top of the mid-Hawthorn confining zone in 

11 Lee County. Figure 46 delineates the base of the 

sandstone aquifer while Figure 47 shows the top 
ofthe mid-Hawthorn aquifer. 

The intermediate confining unit occurs wide
spread in the state providing an effective 
aquiclude for the Floridan aquifer system. On the 
crests of the Ocala Platform, Sanford High, St. 
Johns Platform, Brevard Platform and the 
Chattahoochee Anticline (Figure 4) these beds 
are absent due to erosion. In these areas, surface 
water has a direct avenue to recharge the 
Floridan aquifer system. Immediately surrounding 
these areas, the intermediate confining unit is 
present but is breached by karst features which 
also allow surface water and water from the surfi
cial and intermediate aquifer systems direct 
access to the Floridan. In the west-central portion 
of the peninsula and along the west coast from 
Hillsborough County into the eastern panhandle, 
the intermediate confining unit is generally absent 
and the Floridan aquifer system occurs uncon
fined. In the east-central peninsula, the intermedi
ate confining unit is thin and provides only limited 
confinement for the underlying Floridan aquifer 
system. Miller (1986) mapped a maximum thick
ness of the intermediate confining unit as being 
greater than 1000 feet thick in the western-most 
panhandle and in southwestern Florida. 

Floridan aquifer system 

The Floridan aquifer system is one of the world's 
most productive aquifers. The sediments that 
comprise the aquifer system underlie the entire 
state although potable water is not present every
where (Figure 20). 

The Floridan aquifer system may occur as a con
tinuous series of vertically connected carbonate 
sediments or may be separated by sub-regional 
to regional confining beds (Miller, 1986). Often the 
confining beds consist of low permeability carbon
ates. In the western panhandle, the intra-aquifer 
confining unit is the Bucatunna Clay. Elsewhere, 
the confining beds are carbonate sediments 
belonging to the Ocala Limestone, Avon Park 
Formation or the Oldsmar Formation. When 
intra-aquifer confining beds are present, the 
Floridan aquifer system can be subdivided into an 
upper and lower Floridan. Figures 48 through 51 
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indicate the configuration ofthe top and the thick
ness of the upper and lower limestones of the 
Floridan aquifer system. Figures 52 and 53 reveal 
the top and thickness of the Bucatunna Clay, the 
intra-aquifer confining unit in the western panhan
dle. Figure 54 shows the top of the lower Floridan 
aquifer system in the SJRWMD area. 

The Floridan aquifer system in peninsular Florida 
and the eastern panhandle is composed of all or 
parts ofthe Cedar Keys Formation, Oldsmar 
Formation, Avon Park Formation, Ocala 
Limestone, Suwannee Limestone, St. Marks 
Formation and, possibly, the basal carbonates of 
the Hawthorn Group in limited areas of the state 
(Figure 4). The Floridan aquifer system encom
passes the Ocala Limestone, Marianna 
Limestone, Suwannee Limestone, Chickasawhay 
Limestone, Chattahoochee Formation, St. Marks 
Formation and Bruce Creek Limestone (Figure 
4) in the central and western panhandle. 

The elevation of the upper surface of the Floridan 
aquifer system is directly related to the positioning 
on the major structural features (Figure 5). The 
top of the Floridan aquifer system ranges in ele
vation from greater than +100 feet NGVD on the 
Ocala Platform and Chattahoochee Arch to more 
than -1400 feet NGVD in the western-most pan
handle and more than -1100 feet NGVD in the 
Okeechobee Basin of southern Florida (Figures 
55 through 59). The thickness of the Floridan 
aquifer system (including those areas where 
water from the Floridan aquifer system may not 
be potable) varies from less than 100 feet along 
the state line in north-central panhandle to more 
than 3000 feet in the Apalachicola Embayment 
and 3400 feet in southern peninsular Florida 
(Figures 60 through 64). The base of the Floridan 
aquifer system in the NWFWMD area is shown in 
Figure 65. 

The degree of confinement of the Floridan aquifer 
system also varies in relation to the position of 
the major structural features. The Floridan may 
be unconfined or semiconfined on the major fea
tures including the Ocala Platform and the 
Chattahoochee Anticline (Figures 66 through 68). 
In the negative areas such as the Jacksonville 
Basin, Okeechobee Basin and the Gulf Coast 

Basin, the Floridan aquifer system is well con
fined. Many areas of central peninsular Florida 
and in the eastern panhandle exhibit the develop
ment of karst features that breach the confining 
unit allowing localized recharge to occur. Figure 
69 illustrates the NWFWMD area karst develop
ment. Throughout most of southern Florida, par
ticularly the SFWMD area, the Floridan aquifer 
system occurs under confined conditions. The 
thickness ofthe beds confining the Floridan 
aquifer system in the SWFWMD area is shown in 
Figure 70. 

Recharge to the Floridan aquifer system is direct
ly related to the confinement of the system. The 
highest recharge rates occur where the Floridan 
is unconfined or poorly confined as in those areas 
where the Floridan aquifer system is at or near 
land surface (Figure 71). Recharge may also be 
high in areas where the confining layers are 
breached by karst features as shown for the 
NWFWMD area (Figure 69). Figures 72 through 
76 indicate the relative recharge rates around the 
state. 

The potentiometric surface of the Floridan aquifer 
system varies widely throughout the state. In 
localized areas, the potentiometric surface may 
be affected by intensive pumpage of ground 
water. Figures 32 through 36 Indicate the eleva
tion of this surface relative to NGVD. In those 
areas where the potentiometric surface is higher 
than the ground elevation, artesian conditions 
occur. Figures 77 through 82 delineate the areas 
where artesian flow is expected based on current 
data. 

The intrusion of saline waters into fresh water 
producing zones is a major concern for Florida's 
coastal, and some inland, communities. 
Excessive pumpage of fresh water may draw the 
saline waters laterally or may cause an upconing 
of underlying nonpotable water. The saltwater 
that can affect the potable water supply may be 
connate water trapped during the deposition of 
the sediments forming the aquifer system. It may 
represent saline waters that entered the aquifer 
system during previous high sea level stands 
which have not been flushed from the aquifer. 
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The limits of salt water intrusion are shown on 
Figures 83 through 86. 

The Claiborne aquifer occurs in a limited area of 
the central-northern panhandle. It is a permeable 
portion of the sub-Floridan Confining Unit in that 
area. It is poorly defined and rarely used at this 
time (Allen, 1987). 

CONCLUSION 

This volume presents a review of the current 
knowledge of the Cenozoic lithostratigraphy and 
hydrostratigraphy as it relates to ground water in 
Florida. This publication represents the efforts of 
the five water management districts, the 
Department of Environmental Regulation and the 
Florida Geological Survey, Department of Natural 
Resources to provide a geologic framework of the 
state's ground-water resources. Recognition of 
the geologic framework of the aquifer systems 
and confining units is imperative for determining 
and understanding the ambient ground-water 
quality in Florida. Through recognizing the geo
logic frame-work, areas that are particularly sensi
tive to pollution may be defined and proper 
ground-water management techniques can be 
applied to protect these resources. 
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APPENDIX 1 
Additional Sources of Information 

ALACHUA COUNTY DEPARTMENT OF 
ENVIRONMENTAL SERVICES 
#1 Southwest 2nd Place 
Gainesville, Florida 32606 
(904) 336-2442 

DADE COUNTY DEPARTMENT OF 
ENVIRONMENTAL RESOURCE MANAGEMENT 
111 Northwest 1st Street 
Suite 1310 
Miami, Florida 33128 
(305)375-3318 

FLORIDA DEPARTMENT OF 
ENVIRONMENTAL REGULATION 
Bureau of Drinking Water and Ground Water 
Resources 
Ground Water Quality Monitoring Section 
2600 Blair Stone Road 
Tallahassee, Florida 32399 
(904)488-3601 

NORTHWEST FLORIDA WATER MANAGE
MENT 
DISTRICT 
Route 1, Box 3100 
Havana, Florida 32333 
(904) 539-5999 

ST. JOHNS RIVER WATER MANAGEMENT 
DISTRICT 
PO. Box 1429 
Palatka, Florida 32078 
(904)328-8321 

SOUTH FLORIDA WATER 
MANAGEMENT 
DISTRICT 
PO. Box 24680 
3301 Gun Club Road 
West Palm Beach, Florida 33416 
(407) 694-0546 

SOUTHWEST FLORIDA WATER MANAGE
MENT DISTRICT 
Tampa Service Office 
7601 U.S. 301 North 
Tampa, Florida 33637 
(813)985-7481 

SUWANNEE RIVER WATER 
MANAGEMENT 
DISTRICT 
Route 3, Box 64 
Live Oak, Florida 32060 
(904)362-1001 

Database and Software Distributors 

FLORIDA SUMMARY MAPPING SYSTEM 
(FSMS) -
Land Use Database: 

Automated Resource Mapping & Analysis 
Systems Integration 
(ARMASI, Inc.) 
PO. Box 13027 
Gainesville, Florida 32607 
(904) 462-2955 

WELL LOG DATA SYSTEM (WLDS) 
Well Log Analysis Software: 
GeoLogic Information Systems 
PO. Box 15224 
Gainesville, Florida 32604 
(904)338-1128 

Well Log Data can be obtained 
from: 

FLORIDA GEOLOGICAL SURVEY 
903 West Tennessee Street 
Tallahassee, Florida 32304-7700 
(904) 488-9380 

GENERALIZED WELL 
INFORMATION SYSTEM 
(GWIS), DERMAP (Integral Mapping Package for 
GWIS, WLDS, FSMS), Ground Water Quality 
Data (GWIS or dBASE 111 + format): 

Florida Department of Environmental Regulation 
Bureau of Drinking Water and Ground Water 
Resources 
Ground Water Quality Monitoring Section 
2600 Blair Stone Road 
Tallahassee, Florida 32399-2400 
(904)488-3601 

Computer Bulletin Board System (904) 487-3592 

* The BBS (Computer Bulletin Board) allows 
access to GWIS and the most recent water quali
ty data from any PC with a modem, telephone 
line and communications software. The BBS runs 
24 hours a day, seven days a week. Users can 
either run GWIS remotely, performing retrievals 
and then downloading the results, or can down
load the full program and data sets for use on 
another PC. 

DERMAP and GWIS are also available on disk by 
mail, for a small media fee. Contact the DER staff 
for further information. 
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APPENDIX 2 
List of Related Reports and 

ALACHUA COUNTY: 

Regan, J., R. Hallbourg and T. Newman 
1987 Design and Implementation of an Ambient 
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Water Symposium Proceedings; Orlando, 
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1990 Ground Water Quality Monitoring Network 
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FLORIDA STATE UNIVERSITY: 

Cooper, W.T. 
1986 Effects of Well Casing Materials on the 

Integrity of Ground Water Samples Taken for 
Chemical Analysis: unpublished draft, FSU 
Department of Chemistry; 77 p. (DER Contract 
WM116). 

NORTHWEST FLORIDA WATER 
MANAGEMENT DISTRICT: 

Wagner, J.R., T.W. Allen, L.A. Clemens and J.B. 
Dalton 
1984 Ambient Ground Water Monitoring Program, 

Phase 1: unpublished report, NWFWMD (DER 
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Bartel, R.L. and J.D. Barksdale 
1985 Hydrogeologic Assessments of Solid Waste 
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Water Resources Special Report85-1; 104 p. 
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Wilkins, K.T., J.R. Wagner and T.W. Allen 
1985 Hydrogeologic Data for the Sand and 
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1987 Ambient Ground Water Quality in Northwest 
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Analysis, Ambient Ground Water Monitoring 
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Report 87-1, 103 p. (DER Contract WM115). 

Clemens, L.A. 
1988 Ambient Ground Water Quality in Northwest 

Florida, Part 2: A Case Study in Regional 
Ground Water Monitoring - Wakulla Springs, 
Wakulla County, Florida: NWFWMD Water 
Resources Special Report 88-1, 25 p. (DER 
Contract WM 115). 

SOUTH FLORIDA WATER MANAGEMENT 
DISTRICT: 

Anderson, S.D. 
1986 South Dade Agricultural Pilot Study: 

SFWMD Technical Memorandum (DER 
Contract WM69). 

Herr, J. 
1986 Okeechobee County Airport Landfill 

Investigation Pilot Study: SFWMD Technical 
Memorandum; 87 p. (DER Contract WM69). 

Whalen, P.J. and M.G. Cullum 
1988 An Assessment of Urban Land 

Use/Storm water Runoff Quality Relationships 
and Treatment Efficiencies of Selected 
Stormwater Management Systems: SFWMD 
Technical Publication 88; 52 p. (DER Contract 
WM142). 

SOUTHWEST FLORIDA WATER 
MANAGEMENT DISTRICT: 

Moore, D.L., D.W. Martin, S.T. Walker and J.T 
Rauch 
1986 Design and Establishment of a Background 

Ground-Water Quality Monitor Network in the 
Southwest Florida Water Management District: 
SWFWMD, Brooksville, FL; 141 p. (DER 
Contract WM77). 

Moore, D.L., D.W. Martin, S.T. Walker, J.T Rauch 
and G. Jones 
1986 Initial Sampling Results o f a Background 

Ground-Water Quality Monitor Network in the 
Southwest Florida Water Management District: 
SWFWMD, Brooksville, FL; 393 p. (DER 
Contract WM77). 

(SWFWMD Staff) 
1988 Lithologic Descriptions from Wells Drilled by 

the Ambient Ground-Water Quality Monitoring 
Program (Second Revision): SWFWMD, 
Brooksville, FL; 93 p. (DER Contract WM 137). 

UNIVERSITY OF FLORIDA: 

Alexander, J., W. Miller, J. Hatchitt, D. Frazier and 

D.Costakis 
1986 An Information System to Locate Potential 

Threats to Groundwater Resources: unpub
lished report. University of Florida; 160 p. 
(DER Contract SP103). 

Miller, W.L. and M. Brusseau 
1987 Method for Producing Improved Estimates 

of Pesticide Use: unpublished report, 
University of Florida; 32 p. (DER Contract 
WM1 40). 

Miller, W.L., R. Bass and C. Lin 
1987 An Investigation of Solid Waste Landfills in 

the South Florida Water Management District: 
University of Florida (DER Contract WM 142). 

Hornsby, A.G., K.D. Pennell, R.E. Jessup and 
PS.C. Rao 
1988 Modeling Environmental Fate of Toxic 

Organic Chemicals in Soils: University of 
Florida Institute of Food and Agricultural 
Sciences; 72 p. (DER Contract WM149). 

Hatchitt, J.L. 
1990 The Florida Summary Mapping System - A 

Land Use Analysis Package (User Manual): 
ARMASI, Inc.; 79 p. (DER Contract WM207). 

U. S. GEOLOGICAL SURVEY: 
1985 Results of a Water Quality Reconaissance 

of Selected Springs (unpublished report): 
USGS (DER Contract WM88). 

Seaber, P.R. and M.E. Thagard 
1986 Identification and Description of Potential 

Ground Water Quality Monitoring Wells in 
Florida: USGS Water Resources Investigations 
Report 85-4130,124 p. 
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Figure 2. Background Netv^ork Well locations 
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Figure 6. Geomorphologic Provinces of Florida (after White, 1970) 
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THE LITHOSTRATIGRAPHY OF THE HAWTHORN 
GROUP (MIOCENE) OF FLORIDA 

By 
Thomas M. Scott 

INTRODUCTION 

The lale Tertiary {Miocene-Pliocene) stratigraphy of the southeastern Coastal Plain provides 
geologists with many interesting and challenging problems. Much of the interest has been generated by 
the occurrence of scattered phosphorite from North Carolina to Florida. The existence of phosphate in 
the late Tertiary rocks of Florida was recognized in the late 1800's and provided an impetus to investigate 
those sediments. More recently, the hydrologic importance of these units has led to further investigations 
of the stratigraphy and lithology to determine their effectiveness as an aquiclude, aquitard and aquifer. 

The Hawthorn Formation in Florida has long been a problematic unit. Geologists often disagree about 
the boundaries ol the formalion. The resulting inconsistencies have rendered accurate correlation be
tween authors virtually impossible. 

The biggest problem hindering the investigation of the Hawthorn strata has been a paucity of quality 
subsurface data. Since the mid-1960's, the Florida Geological Survey has been gathering core data from 
much of the stale, providing a unique opportunity to investigate the extent of. and facies relationships in 
the Hawthorn of the subsurface. 

This investigation is an allempi to provide an understanding of the Hawthorn Group, its lithologies, 
stratigraphy and relation to subjacent and suprajacent units. A greater understanding of the Hawthorn is 
imperative to deciphering the lale Tertiary geologic history of Florida. 

PURPOSE AND SCOPE 

The purpose of this investigation is to provide a coherent lithostratigraphic framework facilitating a bel
ter understanding of the Hawlhorn Group in Florida. The internal framework of the Hawthorn, its lateral 
continuity, and relation lo subjacent and suprajacent units were investigated in order to provide this 
knowledge. 

The area covered by this study extends from the Apalachicola River in the Rorida Panhandle on the 
west to the Atlantic Coast on the east and from the Georgia-Florida border on the north, south to lhe 
Florida Keys {Figure 1), The study area encompasses all or portions ol 56 counties. Data points outside 
the study area, particularly in Georgia, were used lo assist in providing a more accurate picture within the 
study area boundaries. 

The sludy area boundaries were chosen based on several criteria. In the past, the western Itmils of Ihe 
Hawthorn were drawn at the Apalachicola River. The western boundary was chosen both to coincide with 
the historical boundary and to avoid overlap with the investigation of equivalent sediments in Ihe 
Apalachicola Embayment by Schmidt (1964), 

More than 100 cores provided the data base for the present sludy. The localiorts of cored data points 
are shown on Figure 2, Figure 3 delineates cross section transects. 
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HYDROLOGY OF THE BISCAYNE AQUIFER 
IN THE 

POMPANO BEACH AREA, 
BROWARD COUNTY, FLORIDA 

By 
George R. Ta rve r 

ABSTRACT 

The Biscayne aquifer is the only source of fresh ground water 
in northeastern Broward County, Florida. The aquifer extends 
from the land surface to a depth of about 400 feet and is composed 
of quartz sand, calcareous sandstone, and sandy to nearly piu'e 
limestone. Replenishment to the aquifer is chiefly by local rainfall. 
The permeable rock zones are erratic in their occurrence within 
the aquifer, but they are generally more prevalent and thicker at 
greater depths. Small water supplies can be obtained from thin 
permeable lenses that generally occur at depths less than 60 feet. 
Large water supplies can be obtained from wells drilled to thick 
permeable layers that occur at greater depths. Many of the large 
wells yield 2,000 gpm (gallons per minute) with less than 4 feet of 
drawdown. 

Chemical analyses of ground-water samples show that the water 
is hard tmd is high in iron content, but is easily treated. Periodic 
analyses of the chloride content of the ground water show that 
some areas near the Intracoastal Waterway and uncontrolled 
reaches of major canals become increasingly salty when water 
levels are lowered. Data collected from test wells indicate that 
during 1960-61 salt-water encroachment was of no major signifi
cance to the Pompano Beach well lield. 

Aquifer test data indicate that the coefficient of transmissibility 
is about 1,500,000 gpd (gallons per day) per foot and the cocilicicnt 
of storage is about 0.30. The test data also indicate that the more 
permeable rock layers act initially as an artesian system, but with 
continued development change to water-table conditions, at which 
time the entire aquifer reacts as a hydrologic unit. 

Water-level, rainfall, salinity, and quantitative data indicate 
that much larger quantities of water can be obtained from the 
ridge area provided that well spacing is adequate, pumping is 
regulated, and salt water in canals is controlled. 
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GEOGRAPHY 

LOCATION AND GENERAL FEATURES 

The Pompano Beach area in this report includes the area of 
study shown in figure 1. The area comprises about 60 square miles 
and is bounded on the north by the Hillsboro Canal, on the west 
by the Everglades and Conservation area 2, on the south by Canal 
C14 (Pompano Canal), and on the east by the Atlantic Ocean (fig. 
2). 

POPULATION 

The area has experienced a tremendous influx of people since 
1950. In 1950, Pompano Beach and Deerfield Beach had a combined 
population of 7,770 and the entire study area probably had less 
than 10,000 people. The area has changed from a rural economy 
to a tourist and retirement center wilh a population of 60,000 in 
1960, an increase of 600 percent in 10 years. The projected popu
lation increase has been estimated at about 12 percent per year 
din-ingthe 1960's. 

CLIMATE 

The climate of Pompano Beach is subtropical and generally 
quite humid. The average monthly temperature ranges from 
65.4''F to 81.7'F. During the period 1950-60 the average tempera
ture was 74'F, and the average monthly rainfall was 64 inches. 
The highest temperature and heaviest rainfall generally occur 
during May through October, and the lightest rainfall occurs 
during the winter. The average temperature and rainfall data 
given in table 1 were furnished by the U.S. Weather Bureau. 

TOPOGRAPHY AND DRAINAGE 

The study area is part of the Atlantic Coastal Ridge, which is 
bounded on the east by the Atlantic Ocean and on the west by the 
Everglades. The land surface rises to about 22 feet above msl 
(mean sea level) at the crest of the ridge, which is about 2 miles 
inland and is parallel to the coast. The ridge is mantled by white 
quartz sand, which is thickest at the crest and thins to less than 
5 feet in the backswamp area where it is underlain by a thin 
permeable limestone layer. 

REPORT OF INVESTIGATIONS No. 36 

aost • o t f 'rom 1933 tdilion or mop o' 
FloriQa b) U S Gta'aqicel Su'iey 



FLORIDA GEOLOGICAL SURVEY 

DEERFIELD ., 
BEACH ^ 

POMPANO 
BEACH 

'OAKLAND 
PARK 

FORT 
LAUDERDALE 

EXPLANATION 

CANAL 

LEVEE 

Figuje 2. Parts of Broward and Palm Beach counties showing canals and 
levees of the Central and Southern Florida Flood Control District. 

West of the divide or crest of the ridge the land surface 
descends rapidly to the backswamp area, which is about half a mile 
west of the divide. The backswamp area slopes gently to the west 
5 miles to the Everglades, and consists of swampy sloughs and low 
intraswamp ridges. 

Originally, the backswamp area remained wet for long periods, 
being poorly drained by sloughs toward the west and by under
ground flow toward the ocean. Subsequently, it was developed for 
farming by the construction of a series of canals, ditches, dams, 
and pumping stations to control water levels. Presently, the 
backswamp area is irrigated and drained through secondary canals 
which connect with the Hillsboro Canal on the north and the 
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TABLE 1. Average Monthly Temperature and Rainfall at Pompano Beacli, 
1950-60 

Month Temperature o p Itninfall (inches) 

JiinuHi'v 
V e b m a i y 
M B reh 
Ai>ril 
May 
J u n e 
Ju ly 
A u g u s t 
Spplemljcr 
October 
N o v e m b e r 
December 
Year ly RVernKe 

65.4 
67,6 
fifl.Q 

73.7 
76.9 
TO.H 
S1.2 
S1.7 
SO.C 
76.G 
72.1 
G7-1 
74.4 

2.02 
2.24 

$.« 
7.1BI 

e.QO 
10.60 
D.IO 
3.48 
3.40 

G3.76 

Pompano Canal on the south. These major canals flow eastward to 
the ocean (fig. 2). 

The Hillsboro and Pompano canals drain water from the 
Pompano Beach area and they are also a part of the Central and 
Southern Florida F'lood Control District network of canals that 
drain parts of the Everglades. The flow of the Pompano Canal is 
controlled by a spillway structure a short distance east of the 
Florida East Coa.st Railroad, and a gated dam 2 miles farther up
stream (fig. 3). During periods of heavy rainfall, these structures 
are adjusted to prevent local flooding; however, during most of the 
year they are operated to hold high stages in the canal. Major 
floodwaters in the western area are removed by the diversion canal 
south of the Pompano Canal (fig. 3), and through the Hillsboro 
Canal in the northern part of the area. The Hillsboro Canal is 
controlled 2 miles upstream from thc Florida East Coast Railroad. 

The west slope of the ridge area drains to the backswamp area; 
the east slope of the ridge drains lo the Intracoastal Waterway. 
In I'ocent years drainage east of the ridge divide lias been highly 
developed to accommodate urbanization, and the area now drains 
to the Intracoastal Waterway through storm sewers, streets west 
of U. S. Highway 1, and by a massive system of finger-canals east 
of U. S. Highway 1 (fig. 3). 

BISCAYNE AQUIFER 

The Pompano Beach area is underlain by the Biscayne aquifer 
which is compo.sed chiefly of permeable limestone, sandstone, and 
sand that range in age from late Miocene through Pleistocene. The 
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Biscayne aquifer is thickest near the coast, where its base is about 
400 feet below msl, and it thins to the west. Hydrologically the 
aquifer is a unit, but geologically it comprises the following 
formations: Tamiami Formation, upper Miocene; Anastasia 
Formation, Pleistocene; Miami Oolite, Pleistocene; and Pamlico 
Sand, Pleistocene. The entire section of sediments in this area 
probably is of marine origin. The Biscayne aquifer is tmderlain 
to a depth of 950 feet by a massive section of marine sediments 
of middle and early Miocene age that are predominantly greenish 
sandy clay and marl of low permeability. This material forms the 
upper confining layers for the Floridan aquifer, a regional artesian 
system which, in the Pompano Beach area, yields salty water to 
flowing wells. 

Detailed lithologic logs of four test wells in the Pompano Beach 
are a are given in the section of well logs. 

GEOLOGIC FORMATIONS COMPOSING THE BISCAYNE 
AQUIFER 

TAMIAMI FORMATION 

The Tamiami Formation is the oldest and lowest formation in 
the Biscayne aquifer. As redefined by Parker (1951, p. 823), it 
includes all the upper Miocene material in southern Florida. The 
Tamiami Formation ranges in composition from pure quartz sand 
to nearly pure limestone, which is generally white to gray in color. 
Rock layers are formed at random depth but they cannot be corre
lated over large areas because wedging and lensing of the sediments 
is common. The percentage of carbonate material in the sediments 
shows a general increase with depth. 

The numerous indurated zones are quite permeable, and open-
end wells in the limestone layers are capable of yielding large 
quantities of water. The formation is tapped by only a few wells 
because equally good water and comparable yields can be obtained 
from wells that penetrate shallower limestones in the Anastasia 
Formation. 

ANASTASIA FORMATION 

The Anastasia Formation of Pleistocene age was named by 
Sellards (1912, p. 18) after studying coquina pits at St. Augustine, 
Florida. Since 1912, the formation has been noted along the coastal 
ridge as far south as Dade County. In the Pompano Beach area 
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the formation overlies the Tamiami Formation and is covered by 
the Pamlico Sand and the Miami Oolite. The Anastasia Formation, 
as defined by Schroeder (1958, p. 21), includes all pre-Pamlico 
marine deposits of Pleistocene age along the coastal areas. It 
consists of heterogeneous mixtures of very fine to very coarse quartz 
sand, finely broken shells, and redeposited calciimi carbonate either 
in the form of calcite crystals or as cryptocrystalline cementing 
materials. The colors range from white to gray or tan. 

The indurated zones are generally highly permeable and yield 
very large quantities of water (2,000 gpm) to open-end wells, The 
Anastasia Formation is the most important component of the 
Biscayne aquifer in the Pompano Beach area. 

MIAMI OOLITE 

Miami Oolite was named by Sanford (1909, p. 211-214) and 
redefined by Cooke and Mossom (1929, p. 204-207) to include all 
the oolitic limestone in southern Florida. The Miami Oolite of 
Pleistocene age, overlies the Anastasia Formation in the Pompano 
Beach area and is covered by the Pamlico Sand. It is fairly per
sistent west of the coastal ridge but occurs discontinuously in the 
ridge area along the Pompano and Hillsboro canals. The formation 
is a sandy, oolitic limestone containing many pelecypod shells. It 
is a white thin-bedded to massive, very permeable limestone which 
may occur locally as a solid rock to a depth of 40 feet below the 
land surface. 

Where the rock is appreciably thick it is an excellent aquifer, 
but because it is discontinuous very little water is derived from it. 
The Miami Oolite is strip mined and used extensively as road base 
building material, and decorative building stone. 

r 

PAMLICO SAND 

The Pamlico Sand is a late Pleistocene terrace deposit of marine 
origin. Parker and Cooke (1944, p. 74-75) extended the term 
Pamlico Sand from North Carolina to southern Florida, and defined 
it to include all the marine Pleistocene deposits younger than the 
Anastasia Formation. The Pamlico Sand blankets the study area 
except in the north-central part, where the Miami Oolite crops 
out. The sand west of the ridge is generally 2 to 5 feet thick, and 
on the ridge it attains a maximum thickness of 18 feet. It is very 
fine to coarse, mostly of medium size, subangular, and contains 
varying amounts of iron oxide. 
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Numerous sand-point wells completed in this material will yield 
small quantities of water (50 gpm or less), which commonly has 
a high iron content. 

GROUND WATER 

Ground water is the subsurface water in the zone of saturation, 
the zone in which all pore spaces are filled with water under greater 
than atmospheric pressure. The chief source of ground-water re
plenishment in the Pompano Beach area is local rainfall. Part of 
the rainfall is evaporated, part is absorbed by plants and transpired, 
and a part is lost by surface runoflf; the remainder infiltrates 
downward to the zone of saturation. After entering the zone of 
saturation, ground water flows by gravity from areas of recharge, 
where water levels are high, to areas of discharge, where water 
levels are low. A formation, group of formations, or part of a 
formation within the zone of saturation that is capable of 
transmitting water in usable quantities is called an aquifer. 

OCCURRENCE OF GROUND WATER 

Ground water in the Pompano Beach area occurs under both 
water-table (nonartesian) conditions and artesian conditions. 
Where water occurs in an unconfined aquifer and its upper surface 
is free to rise and fall, the aquifer is referred to as a water-table 
aquifer and its upper surface is the water table. In the Pompano 
Beach area all fresh ground-water supplies are derived from the 
Biscayne aquifer, a water-table aquifer. 

Ground water contained in an aquifer that is confined by 
impermeable beds, and that is under sufiicient pressure to rise 
above the top of the aquifer, is defined as artesian water. The 
height to which the water will rise in a tightly cased well that 
penetrates an artesian aquifer is the pressure, or piezometric, 
surface. Artesian ground water occiu's beneath the area but the 
top of the artesian (Floridan) aquifer is about 950 feet deep and 
contains salty water. 

RECHARGE AND DISCHARGE 

The Biscayne aquifer is recharged by rainfall and by surface 
water pumped into the area through canals. About 50 percent of 
the rainfall (estimated by Parker and others, 1955, p. 221, for a 
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Figure 4. Giaphs of fluctuations of chloride content of the water from the 
Pompano Canal and two finger canals. 
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Figure 5. Northeastern Browai-d County showing the chloride content of water 
samples from suiface-water bodies June 5-G, 1961. 

similar area in North Miami), infiltrates to the zone of saturation 
and becomes ground water. In the western part of the Pompano 
Beach area great volumes of water are pumped through a system 
of irrigation canals which maintain high ground-water levels during 
the dry seasons. The pumping procedures are reversed during 
rainy seasons to prevent flooding of croplands. 

Discharge from the Biscayne aquifer occurs by evapotran
spiration, by ground-water outflow to canals and to the ocean, and 
by pumping from wells. Evapotranspiration and ground-water 
outflow probably account for more than 80 percent of the total 
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discharge. The losses are greatest during the rainy season in late 
spring to early fall when temperatures and water levels are highest. 

Evidence of the discharge of ground water into canals is shown 
by the periodic changes in the quality of the water in several 
canals in the area. Figure 4 compares the chloride content of the 
water from two observation stations (613-007-SWl and 613-008-
SW2) along the lower controlled reach of the Pompano Canal 
during 1960-61. Throughout most of the sampling period the water 
at station 613-007-SWl had a slightly lower chloride content than 
the water at station 613-008-SVV2. The chloride content is lowest 
dui'ing the rainy seasons and highest during dry seasons. Water 
moving from the west in the Pompano Canal generally contains 
move salt than does the ground water in the Pompano Beach area. 
During wet periods, such as July to October 1960, a large part of 
the increased flow of the Pompano Canal was the result of heavy 
ground-water discharge into the canal in the Pompano Beach area 
which caused dilution of the canal water as it moved to the ocean. 
During the ensuing dry season of 1961, a large part of the canal 
flow was contributed by areas west of Pompano Beach, as a result 
the chloride content of the canal water increased. 

Figure 5 shows the chloride content of the surface water at 
points in major canals, irrigation laterals, and ponds or rock pits 
June 5-6, 1961. The distribution shows that the chlorides are 
higher in the western areas than they are near the coast. In the 
Hillsboro Canal, water entering the area from thc west contained 
74 ppm (parts per million) of chloride and was diluted by ground
water discharge along the lower reach to 64 ppm at the control 
dam. Similarly, the water in the Pompano Canal was diluted from 
80 ppm of chloride at the western edge to 30 ppm above the control 
in Pompano Beach. 

WATER USE 

The greatest use of ground water in northeastern Broward 
Coimty is for public supplies. During 1960-61 the total pumpage 
for public supplies in the area was 7 to 8 billion gallons (fig. G). 
In 1961 the municipalities pumped about 4.3 billion gallons, at a 
rate of about 12 mgd (million gallons per day) ; about one-half 
was used for lawn irrigation. 

The maximum withdrawals normally ai'e during the winter 
season, when the population is greatest, when the rainfall is least, 
and when irrigation is heaviest. The normal condition seldom 
exists; therefore, during some years the largest withdrawals are 
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Figure 11. Northeastern Broward County showing contours on the water 
table March 16, 1961, when water levels were about average. 

in the northwest has been dissipated and the 13-foot water-level 
contour has shifted westward. The pattern of the contours indicates 
that the northern reach of the canal adjacent to State Highway 7 
was the main source of recharge to the Biscayne aquifer in the 
Pompano Beach area. Canal C14 was completed by March 1961 
and its flow was controlled by a dam a short distance downstream 
from its confluence with the Pompano Canal and another located 
at the Florida East Coast Railroad, 

Within the Pompano Beach well field area, the water-table 
contours show considerably more distortion as compared to the 
contours for October 1960. The pronounced distortion is the result 
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Figure 12. Northeastern Broward County showing contours on the water 
table August 15, 19G1. 

of heavier pumping in the well field during March 1961 (about 8 
mgd). The gradients toward the canals are less, indicating less 
outflow than in October 1960. 

Figure 12 represents the altitude and configuration of the water 
table on August 15, 1961, when water levels were low as a result of 
generally deficient rainfall. The general pattern of the contours is 
about the same as that in March, but the distortion of the contours 
in the vicinity of the Pompano Beach well field is more acute 
because of the continuous heavy pumping throughout the period of 
deficient rainfall. A noticeable distortion in the contours also occurs 
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QUALITY OF WATER 

The chemical quality of ground water depends upon the amount 
and type of constituents contained in the recharge, the composition 
and solubility of the rocks through which the recharge moves, and 
the presence of connate water in the aquifer. In the Pompano 
Beach area rainfall is the principal source of recharge. As the 
rainfall infiltrates to the water table it acquires organic acids and 
dissolves calcium carbonate from the rocks which imparts hardness 
to the water. The occurrence of connate water and the encroach
ment of sea water into the aquifer will be discussed under another 
section. 

Ground-water samples were collected from wells at several 
locations and from different depths in some wells in the Biscayne 
aquifer. The samples were analyzed by the U. S. Geological Survey 
and are presented in table 2. Included also are other analyses made 
by the General Development Corporation and the Florida State 
Board of Health. The analyses show that the ground water is hard, 
but is suitable for most uses, without being treated, or with 
relatively simple treatment. 

Iron derived from iron-bearing minerals within the aquifer or 
from the action of iron-fixing bacteria is the most noticeable and 
objectionable constituent in the ground water of this area. Un
treated ground water used for lawn irrigation has caused iron 
staining on shrubs, trees, sidewalks, and houses. In the samples 
analyzed iron was present in amounts ranging from 0.01 to 4.3 
ppm. Iron in concentrations in excess of 0.3 ppm is objectionable in 
water used for public supply, and in concentrations in excess of 
about 0.5 ppm it imparts a noticeable taste to the water. The 
amount of dissolved iron in ground water in the area is very erratic 
and cannot be predicted with any accuracy even for short distances 
horizontally or vertically. Iron is most easily and inexpensively 
removed by aeration and filtration in the large volumes used by 
municipal supplies. 

Hardness is caused by calcium and magnesium dissolved from 
shell material, limestone, and dolomite in the aquifer. Water having 
a hardness in excess of 120 ppm is considered hard. Hardness of 
the water samples ranged from 22 to 316 ppm. The hardness is 
generally low in the sand ridge area at shallow depths and generally 
high in the west and at greater depths in the aquifer. This is com
patible with the character of quartz sand which is the main 
component of the aquifer at shallow depths in the ridge area and 
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the shell beds and limestone which are the main components 
throughout thc aquifer in the western sections and at great depths 
beneath the ridge. 

The hydrogen-ion concentration (pH) is a measure of the acidity 
or alkalinity of water. Distilled water has a pH value of 7.0 and 
thus is neither acid nor alkaline; decreasing values below 7.0 
denote increasing acidity and usually indicate a corrosive water; 
conversely, increasing values above 7.0 denote increasing alkalinity. 
The pH of the water analyzed ranged from 6.9 to 9.8 and is mostly 
about 7.5, which is slightly alkaline and should be noncorrosive. 

Color in water usually is derived from the decomposition of 
organic matter. Peat and muck deposits are common in the 
western part of the area and in buried mangrove swamps in the 
east. Visible coloration of drinking water is undesirable. Water 
having concentrations in excess of 20 units is considered by the 
U. S. Public Health Service (1946) to be unsuitable for human 
consumption. The range of concentration in this area i.s from 3 
to 28 units. Highly colored water often retains an earthy odor 
similar to the organic material from which the color was derived. 
Part of the color of the water in this area is from iron. Color is 
generally lower than 10 in the sand ridge area and generally high 
in the west, where several large irrigation wells produce highly 
colored water. 

Dissolved hydrogen sulfide and methane gases were noted in 
several wells. The gases are derived from the decomposition of 
organic matter, and they impart undesirable odors. The odors are 
easily removed by aeration. 

SALT-WATER CONTAMINATION 

Salt-water contamination in the Biscayne aquifer in north
eastern Broward County could occur from two general sources: 
(1) the direct encroachment of sea water into the coastal parts 
of the aquifer or along uncontrolled canals; and (2) the upward 
movement of saline water that may exist in beds below the 
Biscayne aquifer. If sahne water occurs in the underlying beds it 
may be connate, trapped in the sediments when they were deposited, 
or it may be sea water that infiltrated the beds during Pleistocene 
interglacial stages when the ocean inundated the area several 
times. During this study no certain evidence was found that 
saline water exists within the aquifer beneath the sand ridge, 
except for a few local areas immediately adjoining finger canals 
in Pompano Beach. West of the ridge the chloride content of the 
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water increases slightly and is 30 to 40 ppm along State Highway 
7. Farther west, the chloride content increases progressively west
ward and with depth. Five miles west of State Highway 7 and 1.5 
miles south of the Palm Beach County line a 104-foot well yielded 
water containing 520 ppm of chloride. This increase of salinity 
with depth is well defined by Parker and others (1955, p. 820), 
who present several maps showing chloride concentrations in ground 
water at diffei-ent depths. 

The local occurrences of saline water along the coastal finger 
canals may be from downward infiltration of salt water from the 
canals, or from the encroachment of sea water at depth in the 
Biscayne aquifer. The system of uncontrolled finger canals has 
lowered water levels along the coast to permit an inland extension 
of sea water in the aquifer. Also, with the development of the 
area and the increased use of water, much of the water that 
normally would have discharged to the sea was intercepted 
by municipal and irrigation wells, causing further lowering of water 
levels and reduction of seaward flow. 

The movement of salt and fresh water in a coastal aquifer is 
controlled to a large degree by the relative height of the fresh 
water above sea level and by the difference in the densities of fresh 
and salt water. Under static conditions the relation is that of a 
U-tube whose arms contain two fluids of different densities, and 
it is expressed by the Ghyben-Herzbei-g principle (Brown, 1925, 
p. 16-17) as follows: 

h ^ 
g - 1 

wheie ll = depth of fresh water below sea level 
t = height of fresh water above sea level 
g — specific gravity of sea water 
1,0 = specific gravity of fresh water. 

When the approximate value of the specific gravity of sea water 
(1.025) is inserted in the equation, h=40t, or for every foot the 
fresh water is above sea level, there will be 40 feet of fresh water 
below sea level. This theoretical condition is modified somewhat 
by the movement of the fresh water toward points of discharge, 
by variations in the permeability of the aquifer materials, and by 
the salinity of the sea water. The variations have only a minor 
eft'ect so the general relation is adequate for determining the 
minimum depth at which salt water will occur in coastal parts of 
the aquifer. One of the inconsistencies is the assumption that the 
encroaching saline water has a specific gravity of 1.025. The 
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DISTANCE FROM PUMPING WELL.iN FEET 
500 1000 ' 10.000 

Figure 23. Predicted drawdowns in the vicinity of a well discharging at 
selected times and rates. 

be threatened. Thus, it would not be advisable to withdraw the 
20 mgd without expanding the well field facihties. Expansion could 
be northward, along the sandy ridge, or westward. The northward 
extension of the field would have the advantage of the availabiUty 
of water of excellent quality, but ultimately the problem of salt
water encroachment would recur. 

A westward extension of the well field would take advantage 
of the perennially high water levels maintained in the vicinity of 
the controlled reaches of the Pompano Canal. Replenishment to 
the field would be by continuous infiltration from the canal, under 
high gradients. The resulting drawdowns would be small, thereby 
reducing any threat of salt-water encroachment. A disadvantage to 
westward extension of the well field is the slightly inferior quality 
of the ground water. 
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Figure 24. Pompano Beach well-field area showing predicted levels after 
pumping 20 mgd for 180 days without rainfall. 

CONCLUSIONS 

The Biscayne aquifer is the only source of fresh ground water 
in the Pompano Beach area. The chief source of recharge to the 
aquifer is rainfall on the immediate area; an additional sotirce is 
the surface water pumped through canals into the western part 
of the area for irrigation. The ground water is of good quality 
except for the high iron content and the hardness and color, which 
increase toward the west. 

The aquifer is composed of marine deposits of quartz sand, 
calcareous sandstones, and sandy to nearly pure limestones, which 
extend from the land surface to a depth of about 400 feet. The 
distribution of the rock zones in the aquifer is erratic, but 
generally, thin rock layers that are sufficiently permeable to supply 
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small water systems are present within the upper 60 feet. Thicker 
rock zones from which large supplies can be developed by open-end 
wells commonly occur at greater depths. 

The water table has a gentle gradient from the interior to the 
coast. Its configuration is greatly influenced by the Hillsboro and 
Pompano canals and by pumping. Relatively high water levels 
are maintained by the control structures in these canals, primarily 
for irrigation purposes but also to retard the inland movement of 
salt water. When pumping increases in future yeai's, a large part 
of the recharge to well fields will be from the controlled reaches of 
the major canals. Pumping from the Pompano Beach well field 
in 1961 has not lowered the water levels significantly to cause 
appreciable inland movement of salt water. Future pumping at 
greater rates could lower water levels to altitudes where sea water 
would encroach into the aquifer. 

Salt-water encroachment could occur from numerous tidal, salt
water canals. The uncontrolled reaches of the Hillsboro and 
Pompano canals are the most likely sources of encroachment, 
because they allow salt water to extend appreciable distances inland 
and they are adjacent to large well fields. The water from some 
wells near the Intracoastal Waterway shows an increase in chloride 
content when water levels are lowered. Salt-water encroachment 
from subjacent beds is unlikely as no salt water was found by 
drilling test holes into the lower zones of the Biscayne aquifer in 
the Pompano Beach well field. Future threats of salt-water 
encroachment could be diminished by controlling water levels in 
canals at locations farther seaward, and by distributing the effect 
of pumping more equally along the ridge area. 

Pumping tests and water-level data indicate that much larger 
quantities of ground water can be obtained in the ridge area, and 
that even larger amounts could be produced farther west, with 
little probability of salt-water encroachment. 

Some of the major water problems that will face the city of 
Pompano Beach in future years will be those problems associated 
with rapid urbanization. As urbanization proceeds, water needs 
will accelerate; at the same time, urbanization will require 
drainage and flood control in the western part of the area. It is 
important, therefore, to determine the effects that lowering water 
levels in the west will have on the continued movement of water 
eastward and on salt-water encroachment. These effects can be 
evaluated by a continuing program of data collection and data 
analysis on the availability of water. The continuing studies will 
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point out changes in the hydrology of the area and will aid in 
establishing an orderly program of water control and waier 
management in the area. 
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CONVERSION FACTORS AND ABBREVIATIONS 

For the convenience of readers who may prefer to use metric (Intemational System) units, 
rather than the inch-pound unites used in this report, values may be converted by using the 

following factors: 

Multiply inch-pound unit 
inch (in.) 
foot (ft) 
mile (mi) 
foot per day (ft/d) 
foot per mile (ft/mi) 
foot per year (fit/yr) 

foot squared per day (ft /d) 

square mile (mi ) 

gallon per minute (gal/min) 
gallon per minute per foot 
[(gal/min)/ft] 

By 
25.4 

0.3048 
1.609 
0.3048 
0.1894 
0.3048 

0.09290 

2.590 

0.00006309 
0.2070 

To obtain metric unit 
millimeter (mm) 
meter (m) 
kilometer (km) 
meter per day (m/d) 
meter per kilometer (m/km) 
meter per year (m/yr) 

meter squared per day (m /d) 

square kilometer (km ) 

cubic meter per second (m /s) 
liter per second per meter 
[(L/s)/m] 

Chemical concentrations and water temperature are given in metric units. Chemical 
concentration is given in milligrams per liter (mg/L) or micrograms (• g/L). Milligrams per liter is 
a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of 
solute per unit volume (hter) of water. One thousand micrograms per liter is equivalent to one 
milligram per liter. For concentrations less then 7,000 mg/L, the numerical value is the same as 
for concentrations in parts per million. 

Sea Level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 
(NGVD 1929) —a geodetic datum derived from a general adjustment ofthe first-order level nets 
of both the United States and Canada, formerly called "Mean Sea Level of 1929." 
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Hydrogeology, Aquifer Characteristics, and Ground-
Water Flow of the Surficial Aquifer System, Broward 
County, Florida 

By Johnnie E. Fish 

ABSTRACT 

An investigation ofthe surficial aquifer system in Broward County, begun in 1981, is part of 
a regional study ofthe aquifer system in southeast Florida. Test drilling for lithologic samples, flow 
measurements taken during drilling, aquifer testing, and analyses of previously available data per
mitted delineation ofthe permeability framework (on geologic sections), the aquifers in the system 
and the generalized transmissivity distribution, and interpretation ofthe ground-water flow system. 

The surficial aquifer system, in which an unconfined ground-water flow system exists, com
prises the sediments from land surface to the top ofa regionally persistent zone of low permeability 
called the intermediate confining unit. The aquifer system materials vary from clays to cavernous 
limestone in composition. These sediments are grouped as the Biscayne aquifer at the top; an inter
vening semiconfming unit primarily of clayey sand; a gray limestone aquifer in the Tamiami For
mation (west Broward County); and sand or clayey sand near the base of the surficial aquifer 
system. The depth ofthe base ofthe aquifer system ranges from about 160 feet below land surface 
in westernmost Broward County to more than 350 feet near the coast. These drilling and aquifer-
test data indicate a complex permeability framework. Hydraulic conductivities ofthe very highly 
permeable zone ofthe Biscayne aquifer exceed 10,000 feet per day in places; in the gray limestone 
aquifer, they range from 590 to 930 feet per day, except in a less-permeable upper zone ofthe aqui
fer that occurs primarily in northwestemmost Broward County. 

Transmissivities of the surficial aquifer system vary locally but have a definite areal trend. 
Estimated values are generally about 300,000 square feet per day or more in the southeast, south-
central, and part of coastal northeast Broward County. Transmissivity is lower to the north and 
west, decreasing to less than 75,000 square feet per day over a large area in northwest and north-
central Broward County. High transmissivity generally is associated with the Biscayne aquifer. The 
gray limestone aquifer has transmissivities that range from about 20,000 to 88,000 squm ê feet per 
day in west Broward County. The transition from high transmissivity to relatively low transmissiv
ity is often only a few miles wide and coincides with the decrease of cavernous porosity and asso
ciated permeability in the Fort Thompson Formation or the Anastasia formation. 

Ground-water circulation in Browed County must be considered in either predevelopment 
or development conditions because of changes in hydrologic factors that control flow. Effective 
canal drainage and large-scale pumping from municipal well fields have greatly altered the prede
velopment flow system in east Broward County by: (1) eliminating a coastal ground-water ridge; 
(2) reducing deep circulation and reducing or eliminating seasonal westward movement of ground 



water; and (3) causing accelerated stormwater runoff and short ground-water flow paths, generally 
lowering the water table, and inducing saltwater intrusion. In west Broward County, hydrologic 
and permeability framework evidence suggests that water entered the gray limestone aquifer by lat
eral movement from Hendry, Collier, and Palm Beach Counties, and by downward seepage from 
the Everglades and the Biscayne aquifer during predevelopment times, and moved southward into 
Dade County to coastal discharge areas. Depth profiles of specific conductance and chloride sup
port the interpreted movement in west Browed County. Circulation in the Biscayne aquifer inland 
was also primarily to the south. Little change in the predevelopment ground-water flow system has 
occurred in west BrowM^d County compared to east Broward Coimty. 

INTRODUCTION 

Southeast Florida (fig. 1) is underlain by materials of varying permeability from land surface 
to depths of 150 to 400 feet that provide most ofthe water used in the area. This body of materials 
is herein called the surficial aquifer system. In parts of Dade, Browm^d and Palm Beach Counties, 
a highly permeable part of that aquifer system has been named the Biscayne aquifer (Parker, 1951; 
Parker and others, 1955). Adjacent to or underlying the Biscayne aquifer are less permeable, rela
tively unknown, by potentially important water-bearing materials which also are part of the surfi
cial aquifer system. 

Most previous work in southeast Florida had been concentrated in the populated coastal area. 
Drilling and monitoring activities were commonly restricted to zones used for water supply or to 
overlying zones. Hence, information conceming the characteristics ofthe westem or deeper parts 
ofthe Biscayne aquifer and of sediments below the Biscayne aquifer in the surficial aquifer system 
were insufficient for present needs. Because of persistent increases in were demand from the surf
icial aquifer system in the highly populated and growing coastal area of southeast Florida and 
because of attendant concems for the protection and management of the water supply, the U.S. 
Geological Survey, in cooperation with the South Florida Water Management District, began and 
investigation to define the extent ofthe surficial aquifer system and its characteristics on a regional 
scale. 

The overall objectives ofthe regional study are to determine the hydrogeologic framework, 
the extent and thickness ofthe surficial aquifer system an the aquifers within it, the areal and ver
tical water-quality distribution and factors that affect the water quality, the hydraulic characteristics 
ofthe components ofthe surficial aquifer system, and to describe ground-water flow in the aquifer 
system. Results ofthe investigation are planned for publication in a series of reports that provide 
information for each county or area as it becomes available. Broward County (fig. 1) is the first to 
be investigated in this regional study. Three reports were planned for Broward County, including a 
geologic framework report prepared by Causm^as (1985), a water-quality report, and a hydrogeol
ogy ground-water report. 

Purpose and Scope 

This report describes the hydrogeology ofthe surficial aquifer system ^id ground-water flow 
in the aquifer system in Broward County, Fla. The purpose is to provide fundamental background 
information that is basic for qualitative or quantitative evaluations ofthe ground-water resource 
and the hydraulic response ofthe system to natural or artificial stresses. Specifically, the objectives 
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Figure 1. Location of Broward County, Florida. 

are to: (1) define the surficial aquifer system and aquifers within it; (2) characterize hydraulic prop
erties of the surficial aquifer system; and (3) interpret ground-water flow in the surficial aquifer 
system. 

The study is intended to provide a broad countywide characterization ofthe surficial aquifer 
system rather than detailed site-specific or local information. An extensive field program of hydro-
geologic test drilling, water-quality sampling, and aquifer testing was conducted during 1981-84. 
Most test holes in west and central Broward County were drilled to a depth of about 200 to 230 
feet, but those closer to the coast were drilled much deeper, reaching 476 feet at two sites. At most 
sites, drilling fully penetrated the surficial aquifer system, reaching into the upper part ofthe under
lying confining unit. Other data selected from existing geologic logs, historic water-level records, 
and aquifer or production well tests were used to supplement the field data. 



Previous Investigations 

Although a comprehensive water-resources investigation has not been made heretofore for 
all of Broward County, many investigations of selected topics or areas—almost exclusively in the 
eastern part ofthe county—have been reported. Parker and others (1955) gave information on the 
geology of the county; the occurrence, movement, and quality of ground water and surface water; 
and saltwater intrusion. Schroeder and others (1958) improved knowledge ofthe Biscayne aquifer 
with many shallow test holes and geologic sections in west Broward and Dade Counties and a con
tour map ofthe base ofthe aquifer. Studies of ground-water resources of local areas (fig. 2) have 
been reported by Vorhis (1948) for Fort Lauderdale, by Sherwood (1959) for Oakland and Hardee 
(1970) for the lower Hillsboro Canal area, and by Bearden (1972; 1974) for Hallandale and Holly
wood, respectively. Sherwood and others (1973) synthesized the available data and much new 
information to form a better understanding areally of east Broward County. Other pertinent reports 
include a discussion ofthe chemical quality of waters by Grantham and Sherwood (1968), "Water 
and the south Florida environment" by Klein and others (1975), and the most recent description of 
the Biscayne aquifer and its hydrologic characteristics by Klein and Hull (1978). 

Methods 

Hydrogeologic test drilling was conducted at sites arranged to form intersecting lines across 
the county (fig. 3, table 1). A reverse-air dual tube drilling method, which circulates air (no drilling 
mud was used) downward in the annulus between the tubes and back to the surface in the inner tube 
with entrained cuttings and water, was used. The method alleviated problems of collecting repre
sentative geologic samples that mud-rotary methods often encounter in this area. The problems 
include lost circulation in cavities with loss of samples and "running water sands" that cause col
lapse of test holes. Pieces of rock layers and clean (free of drilling mud) s^nples of clastic materials 
were obtained from which inferences of hydraulic properties were made. Some ofthe rock samples 
were used for laboratory tests for porosity and hydraulic conductivity. Additionally, the samples 
were assigned a relatively accurate depth, and hydrologic observations were made of flow varia
tions during drilling and at 10-foot intervals after completing each drill pipe length. 

After drilling each 10-foot length of drill pipe, air was circulated to obtain water from the 
aquifer. Circulation was continued, for several minutes if necessary, to obtain water as free from 
sediment as possible. Yields varied between 0 and 300 gal/min. Water samples were collected for 
analyses of specific conductance in the field and chloride concentration in the laboratory. Experi
ence has shown that specific conductance and chloride concentration of water collected from cir
culation during drilling is similar, in most circumstances, to results from complete analyses of 
water collected by normal pumping and filtering techniques inside the drill rod and of water col
lected from finished wells at the test sites. The water produced by air circulation at a given depth 
is generally representative ofthe formation water at that depth. Profiles of specific conductance or 
chloride concentration with depth can then be constructed. These profiles have proven useful in 
revealing gross water-quality characteristics and making hydrologic or hydraulic inferences. 

Previously available aquifer tests and specific capacities of production wells were compiled 
for estimating transmissivity and hydraulic conductivity in east Broward Count. On the basis ofthe 
geologic sections prepared by Causaras (1985), inspection of geologic samples, and hydrologic 
observations made during drilling, a hydraulic testing program was designed to provide estimates 
of transmissivity or hydraulic conductivity of selected zones or materials at selected sites primarily 
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Figure 3. Location of test drilling sites and hydrogeologic sections (from Causaras, 1985). 
Well numbers and site names are listed in table 1 



Table 1. US Geological Survey well numbers and informal site names for test sites 

[see figure 3 for location of sites] 

USGS well 
number 

G-2311 

G-2312 

G-2313 

G-2314 

G-2315 

G-2316 

G-2317 

G-2318 

G-2319 

G-2320 

G-2321 

G-2322 

PB-1428 

G-2323 

G-2325 

G-2327 

G-2328 

G-2329 

G-2330 

G-2338 

G-2340 

G-2341 

G-2342 

G-2344 

G-2345 

G-2346 

G-2347 

USGS site identification number 

Latitude 

260335 

261347 

261958 

261952 

261958 

255732 

255722 

255724 

260843 

260846 

260742 

260617 

262109 

261938 

261938 

255829 

255918 

261014 

260844 

260532 

261458 

261343 

261348 

261423 

260461 

255958 

260507 

Longitude 

0802637 

0802737 

0804106 

0805002 

0803421 

0803256 

0802455 

0802036 

0802839 

0803542 

0802200 

0801612 

0801751 

0801215 

0800752 

0801448 

0800918 

0805122 

0804159 

0805036 

0804947 

0801758 

0801220 

0800715 

0801235 

0805222 

0800856 

Sequence 
number 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

02 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

I n f o r t Y i ^ l c i t a n ^ i Y i a 
inTOriTld l s i l e H d m S 
(this report only) 

S-9 pump station 

Twenty-Six Mile Bend 

North Everglades central 

North Everglades west 

North Everglades east 

South Everglades east 

Snake Creek Canal west 

Snake Creek Canal east 

Alligator Alley east 

Alligator Alley central 

Markham Park 

Plantation 

Hillsboro Canal west 

Hillsboro Canal east 

Hillsboro Locks 

Miramar east 

Hallandale well field 

Alligator Alley Snake Road 

Alligator Alley west 

Southwest Everglades 

Northwest Everglades 

Cypress Creek Canal west 

Cypress Creek Canal east 

Pompano Beach well field 

North Dixie well field 

South Everglades west 

Snyder Park 



in central and west Broward County. In some instances, multiple-well tests were made to determine 
storage coefficients. 

Historic records of ground-water and surface-water levels were compiled from U.S. Geolog
ical Survey and South Florida Water Management District files to prep^e water-level maps useful 
for interpreting ground-water flow. 
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DESCRIPTION OF STUDY AREA 

Geographic Features 

Broward County, located near the southem tip of peninsular Florida, encompasses and area 
of about 1,220 mi (fig. 1). The county is bounded by the Atlantic Ocean on the east, Dade County 
on the south. Palm beach county on the north, and Collier County and Hendry County on the west. 
The eastern third of Broward County is primarily urban and agricultural; the westem two-thirds is 
water-conservation areas. Early urbanization was along the coast because of good drainage and 
access to the ocean. Urbanization is now almost fully developed for several miles inland, and land 
farther west originally drained for agriculture is rapidly being converted into new urban areas. The 
population of Broward County in 1980 was 1,018,257 (James O'Rourke, Broward County Office 
of Planning, oral commun., 1985). Geographic m^easandplacenamesof Broward County, referred 
to in this report, are shown in figure 2. 

Physiographic Features and Natural Drainage 

Physiographic features (fig. 4) have significantly controlled the environment, drainage, and 
ultimately the land use of Broward County. The Atlantic Coastal Ridge, 5 miles or less in width, 
forms the highest ground in the county from 10 feet above sea level in the south to 22 feet in the 
north. It is a natural barrier to drainage of the interior, except where it is breached by shallow 
sloughs or rivers. The Sandy Flatlands, west ofthe Atlantic Coastal Ridge, is lower and prior to 
development was poorly drained. The Everglades, which covers most of Broward County, is 
slightly lower than the Sandy Flatlands, and when natural conditions prevailed, is was seasonally 
inundated. Drainage was slow and general to the south channeled behind the higher coastal area. 
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Figure 4. Physiographic features of Broward County prior to development 
(from Parker and others, 1955, plate 12. 

The Everglades is highest, about 13 feet above sea level, along the Palm Beach County line and 
lowest, about 5 feet above sea level, in south-central Broward County along the Dade County line. 

The predominant soils ofthe area and their drainage characteristics are shown in. The best 
drainage by way of infiltration occurs on sands of the Atlantic Coastal Ridge and the Sandy Flat-
Imids. Soils having poor drainage cover most ofthe county. Their low permeability causes ponding. 
Ponds, particularly in the Everglades, may contain up to several feet of peat and muck. 

Water-Management Facilities 

A complex water-management system, part ofthe South Florida Water Management System, 
has been developed to adapt the natural environment to man's needs (fig. 6). Water-conservation 
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Figure 5. Distribution of soil types in Broward County and their drainage characteristics (modified 
from General Soil Map of Florida, Soil Conservation Service, 1962, by Klein and others, 1975, p. 11). 

areas, bounded by levees and canals, cover most ofthe area that was previously the Everglades in 
Broward County. These conservation areas store rainfall and excess wet-season water which is 
pumped from drainage districts in Broward County and the agricultural area of southwest Palm 
Beach County, or collected by gravity drainage from east Hendry County. Four large stations, S-7, 
S-8, S-9, and S-140, pump water from canals into the conservation areas. The stored water is used 
during periods of low water levels to maintain flow to Everglades National Park to the south, to 
provide recharge for municipal well fields, and to maintain ground-water levels ne^ the coast for 
preventing or retarding saltwater intmsion. 

A system of nine major canals has been built for long-distance transport of water eastward 
from the water-conservation areas or from Lake Okeechobee for flow augmentation as described 
above, or for discharge of excess water either by gravity drainage to the ocean or by pumping to 
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water-conservation areas. These major canals, in conjunction with secondary canals and ditches, 
are used for rapid removal of excess water. Gates or locks on canals regulate elevations, and retm d̂ 
saltwater intrusion. There aie 22 districts in east and central Browed County where water levels 
are controlled (Roy Reynolds, Broward County Water Resources Management Division, written 
commun., 1984). The principal functions of most of these districts are drainage of seasonally or 
intermittently flooded areas and general lowering of ground-water levels to increase the thickness 
of the unsaturated zone. Unlike the other large pump stations mentioned above, S-13 transfers 
drainage water towM d̂ the ocemi rather than pumping water into storage. An important function of 
some districts is to maintain ground-water levels in the dry season by outseepage or to provide 
water for flood irrigation. More information about the surface-water system in Broward County is 
contained in Sherwood and others (1973). 

GENERAL AQUIFER FRAMEWORK AND DEFINITIONS 

Overview 

Historically, two major aquifer systems have been identified in Broward County (fig. 7a). 
The lower aquifer system is commonly known as the Floridan aquifer (Parker and others, 1955) 
but has recently been renamed to Floridan aquifer system (Miller, 1986) because it is composed of 
two or more distinct aquifers. This system is areally extensive, occurring in all of Florida and parts 
of adjacent states. In Broward County, the top of the Floridan aquifer system is about 950 to 1,000 
feet below sea level. The upper part of the system contains confined water with 30 to 60 feet of 
head above sea level (F.W. Meyer, U.S. Geological Survey, oral commun., 1984). 

Overlying the Floridan aquifer system in Broward County is a 550- to 800-foot thick 
sequence, consisting of green clay, silt, limestone, and fine sand, referred to as the intermediate 
confining unit (previously called the Floridan aquiclude, Parker and others, 1955, p. 189). A few 
zones within this sequence may be minor aquifers, but in general, the sediments are relatively 
impermeable. These sediments mostly belong to the Hawthorn Formation (Miocene age), but the 
uppermost sediments locally may belong to the Tamiami Formation (Pliocene age). Overlying the 
intermediate confining unit is the surficial aquifer system, the source of freshwater supplies for 
Broward County mid for most of southeast Florida ^id the subject of this report. 

Surficial Aquifer System 

The surficial aquifer system comprises all materials from the water table to the top of the 
intermediate confining unit. These materials are primarily cavity-riddled limestone and sandstone, 
sand, shell, and clayey sand with minor clay or silt and range in age from Pliocene to Holocene (see 
Causaras, 1985). Practically speaking, the top ofthe system ay be considered to be the land surface 
because virtually all of Broward County formerly was seasonally or perennially flooded, although 
drainage by canals in recent years has reduced the occurrence of flooding in east and south-central 
Broward County. The base ofthe system is defined hydraulically by a significant contrast in aver
age permeability. It is the surface, mappable over a multicounty area, that separates the thick sec
tion of generally permeable sediments (surficial aquifer system) from a thick section of sediments 
having generally low permeability (intermediate confining unit). The upper part ofthe intermediate 
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Figure 7a. Generalized hydrogeologic framework of Broward County. 

confining unit is usually green clay or silt, locally sandy, except near the coast where it is composed 
of green, fine-grained calcarenite. 

Sediments ofthe surficial aquifer system have a wide range of permeability, and locally may 
be divided into one for more aquifers separated by less permeable or semiconfming units. A hycko-
geologic section that illustrates the generalized framework ofthe system in Broward County from 
west to east is shown in figure 7B. The Biscayne aquifer is the best known and contains the most 
permeable materials of the surficial aquifer system (fig. 8). Another permeable unit, informally 
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Figure 7b. Schematic relations of geologic formations, aquifers, and 
confining unit of the surficial aquifer system across Broward county. 

termed the gray limestone aquifer in this report, was not previously known in Broward County. 
Separating or underlying these aquifers are less-permeable sand, limestone, silt, and clay, which 
generally act as leaky units. 

Due to large permeability contrasts with adjacent materials, permeable unity (aquifers or 
smaller sections within aquifers) may exhibit semiconfined characteristics when stressed. How
ever, the head distribution throughout the surficial aquifer system is closely related to the water 
table, generally less that 10 feet above sea level, which contrasts sharply with the head in the con
fined Florida aquifer system. 
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aquifer system in south Florida (from Klein and others, 1975. p. 31). 

Biscayne Aquifer 

The Biscayne aquifer is the only formally named aquifer in the surficial aquifer system in 
Broward County. Because it is the principal aquifer in Broward County (it has been declared a sole-
source aquifer; Federal Register Notice, 1979) and because some refinement ofthe definition of 
the aquifer will be given herein, a brief summary of previous definitions, maps delineating the aqui
fer, and some problems are included below. 
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The Biscayne aquifer was named and defined by Parker (1951, p. 820) as follows: 

"The name Biscayne aquifer is proposed for the hydrologic unit of water-bearing 
rocks that carries unconfined ground water in southeastem Florida." 

In a later comprehensive treatment of water resources in southeast Florida, Parker and others 
(1955, p. 160, 162) give the following information: 

"The Biscayne aquifer, named after Biscayne Bay, is the source ofthe most impor
tant water supplies developed in southeastem Florida. It is the most productive of the 
shallow nonartesian aquifers in the area and is one ofthe most permeable in the world. 
The aquifer extends along the eastern coast form southem Dade County into coastal Palm 
Beach County as a wedge-shaped underground reservoir having the thin edge to the west. 
It underlies the Everglades as far as northem Browed County, though in that area it is 
comparatively thin, and the permeability is not as high as it is farther east and south." 

"The Biscayne aquifer is a hydrologic unit of water-bearing rocks ranging in age 
from upper Miocene through Pleistocene. The aquifer is comprised, from bottom to top, 
of parts or all of the following formations: (1) Tamiami Formation (including only the 
uppermost part ofthe formation—a thin layer of highly permeable Tmniami Limestone of 
Mansfield); (2) Caloosahatchee Marl (relatively insignificant erosion remnants and iso
lated reefs); (3) Fort Thompson Formation (the southem part); (4) Anastasia Formation; 
(5) Key Largo Limestone; and (6) Pamlico Sand." 

Shallow core borings by the U.S. Army corps of engineers on west Dade and Broward Coun
ties, in conjunction with other well data, provided a basis for an additional description ofthe Bis
cayne aquifer and a contour map of the base over most of Dade and south Broward Counties 
(Schroeder and others, 1958). The contour map was later modified by Klein and others (1975, p. 
31) and is shown in figure 8. A more recent summary description ofthe Biscayne aquifer is given 
by Klein and Hull (1978). 

Despite the definitions and accumulated knowledge about the Biscayne aquifer, some ambi
guities and practical problems remain. Schroeder and others (1958, p. 5) indicate that although the 
base ofthe Biscayne aquifer is readily determined as the top of low permeability sand or "marl" of 
the Tamiami Formation in the Miami area, it is more difficult to define the lateral and basal limits 
ofthe Biscayne aquifer in Broward and Palm Beach Counties where clastic materials predominate 
and interfingering or gradations of sands and calcareous materials are common. Also, some geo
logic formations that make up the Biscayne aquifer extend beyond the area generally ascribed to 
the aquifer. Thus, to delineate the boundaries, changes of hydraulic properties within the geologic 
formations must be determined. The key criterion for defining the Biscayne aquifer apparently is 
the presence of highly permeable limestone or calcareous sandstone in the Fort Thompson Forma
tion, Anastasia Formation, or Key Largo Limestone. 

The hydraulic behavior ofthe Biscayne aquifer may also cause confusion. In his 1951 defi
nition, Parker stated that the Biscayne aquifer CM-ries unconfined ground water. Throughout the 
area (except near well fields or margins of water-conservation areas), water levels at depth are 
almost identical to the local water table. Water in the Biscayne aquifer is unconfined in that the 
potential distribution (as indicate by water levels in tightly cased wells) is closely related to the 
water table or to surface-water bodies. Because of considerable stratification and local permeabil
ity variations ofthe aquifer, aquifer tests of highly permeable zones overlain by much less perme
able sand or muddy sand may exhibit semiconfined behavior, particularly during Qaily stages of 
pumping. 
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The Biscayne aquifer is redefined herein as that part ofthe surficial aquifer system in south
east Florida comprised (from land surface downward) ofthe Pamlico Sand, Miami Oolite, Anasta
sia Formation, Key L^go Limestone, and Fort Thomson Formation all of Pleistocene age, and 
contiguous highly permeable beds ofthe Tamiami Formation of Pliocene age where at least 10 feet 
ofthe section is very highly permeable (a horizontal hydraulic conductivity of about 10,000 ft/d or 
more). Solution-riddled limestone or sandstone of Broward and Dade Counties has hydraulic con
ductivities often exceeding 10,000 ft/d. The permeability requirement of this definition provides a 
means of estimating the aquifer boundary where the Fort Thompson Formation, Anastasia Forma
tion, or Key Largo Limestone grade laterally into less-permeable facies. If there are contiguous 
highly permeable (having hydraulic conductivities of about 100 ft/d or more) limestone or calcar
eous sandstone beds ofthe Tamiami Formation, the lower boundary is the transition from these 
beds to subjacent sands or clayey sands. Where the contiguous beds ofthe Tamiami Formation do 
not have sufficiently high permeability, the base of highly permeable limestone or sandstone in the 
Fort Thompson Formation, Anastasia Formation, or Key Largo Limestone is the base ofthe Bis
cayne aquifer. 

Gray Limestone Aquifer 

In addition to the Biscayne aquifer, a previously undefined aquifer, composed of gray (in 
places, greenish-gray or tan) limestone ofthe lower part and locally the middle part ofthe Tamiami 
Formation, was found at depth in west Broward County (fig. 7b). The gray limestone usually is 
shelly with abundant shell fragments or carbonate sand and minor quartz sand, and it is lightly to 
moderately cemented. Laterally, the gray limestone grades eastward to less-permeable, sandy, 
clayey limestone and eventually sand and sandstone, except at one locality where coarse shell sand 
and quartz occur. Although it is less permeable than the Biscayne aquifer, the gray limestone is nev
ertheless a significant aquifer and a potential source of water. The aquifer is informally and locally 
named here as the gray limestone aquifer. It is defined as that part of the limestone beds (usually 
gray) and contiguous coarse clastic beds ofthe lower to middle part ofthe Tamiami Formation that 
are highly permeable (having a hydraulic conductivity of about 100 ft/d or more) and at least 10 
feet thick. Above and below the gray limestone aquifer in west Browed County and separating it 
from the Biscayne aquifer and the base ofthe surficial aquifer system are sediments having rela
tively low permeability, such as mixtures of sand, clay, silt, shell, and lime mud, and some sedi
ments of moderate to low permeability, such as limestone, sandstone, and claystone (fig. 7b). 

Subsequent drilling has traced the gray limestone aquifer into southwest Palm Beach County 
where the water contains high dissolved solids (W.L. Miller, U.S. Geological Survey, oral com
mun., 1984) and into northwest Dade County where the water generally has low dissolved solids. 
The aquifer probably extend westward into Collier County, and it likely is the source of water for 
irrigation and drinking on the Seminole Indian Reservation and sugar cmie fields of southeast Hen
dry County. 

ESTIMATES OF TRANSMISSIVITY, HYDRAULIC CONDUCTIVITY, AND 
STORAGE COEFFICIENT 

The principal hydraulic characteristics determined for this investigation are horizontal 
hydraulic conductivity and transmissivity. The hydraulic conductivity K of material comprising an 
aquifer is a measure of the material's capacity to transmit water. The transmissivity T is the rate at 
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which water is transmitted through a unit width of the saturated thickness of the aquifer under a 
unit hydraulic gradient. For a given uniform material, hydraulic conductivity and transmissivity are 
related by the expression: 

T = Kb (1) 

where 
T is transmissivity, in square feet per day, 
K is hydraulic conductivity, in feet per day, and 
b is thickness of the uniform material, in feet. 

Three methods were used to obtain estimates of transmissivity or hyc^aulic conductivity; (1) 
calculation from specific capacities of municipal supply wells; (2) aquifer test results from pub
lished U.S. Geological Survey reports, from a report by the U.S. Army Corps of Engineers, or from 
reports prepared by consulting firms; and (3) tests conducted in this study. The estimates provided 
the primary basis ofthe hy(^aulic conductivity framework portrayed in the next section. 

Where several layers of differing materials occur ("n" layers), the aggregate or total trans
missivity ofthe aquifer is the sum ofthe transmissivities ofthe individual layers, expressed by: 

n n 

^= Z^i= Z ^ A (2) 
;• = 1 i = I 

where 
T is total transmissivity, 
T̂  is transmissivity ofthe /th layer ofthe n layers, 

Kj is hydraulic conductivity ofthe /th later ofthe n layers, and 
bf is thickness ofthe /th layer ofthe n layers. 

The average hydraulic conductivity^, ofa sequence of layers is then: 

- T 
K = ^ (3) 

/ • = 1 

Hydraulic conductivities for individual layers or for aggregate sections are calculated from the 
above relation (eq. 3) after transmissivity estimates have been obtained. At some sites, the storage 
coefficient 5', defined as the volume of water and aquifer releases form or takes into storage per unit 
surface area per unit change in head, is also determined. Values of 5" are usually about 0.2 for water-
table aquifers and 10"̂  and 10 for confined aquifers (Lohman, 1979). 

Specific Capacity of Production Wells and Estimated Transmissivity 

Theis and others (1954) suggested procedures for estimating transmissivity from specific 
capacity (Q/s) data by means ofthe Thies nonequilibrium equation expressed as: 

T ^ ^ W - u . - ^ ^ Q (4) 
4 - 5 4 ' ^̂  
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where 

W(u) is well function of w and u = r S/4Tt, 
t is time, in days, 
r is distance from pumping well to point of observation or effective radius of pumped well in 

single well tests, 
Q is pumping rate (length /time), 
s is drawdown (length), and 
S is storage coefficient (unitless). 

By substituting into the expression for u, the extreme values ofthe variable for an aquifer (7, 5), 
effective well radius, and pumping time for a given area, the range of values ofthe term W(u)/4' 
may be evaluated for that area (McClymonds and Franke, 1972, described this procedure in a 
regional study of Long Island, New York). For Broward County, the range was found to be from 
170 to 370, and averaged about 270, for 7 in square feet per day when the specific capacity (Q/s) 
is expressed in gallons per minute per foot of drawdown. Thus, an approximate value of transmis
sivity may be obtained from: 

T = 270 2 (5) 
s 

In addition to the potential errors in the original data and in using an average value of 270, 
any deviations from the Theis assumptions are limitations on the accuracy ofthe estimated trans
missivity. The effects of leakage on drawdown are small near the production well; hence, devia
tions from true confinement are minimized at the production well (Neuman and Witherspoon, 
1972). In Broward County, the effective radius of a production well may be substantially larger 
than the nominal radii^ because most of the wells are open to cavity-riddled zones. This would 
result in a higher specific and estimated transmissivity. However, turbulent flow may occur in cav
ities near wells, causing greater drawdown, and therefore, a smaller specific capacity and a smaller 
estimated transmissivity. Finally, the development ofthe equation above assumes a 100-percent 
efficient well. However, friction losses at the well screen or rock face and in the well also cause 
greater drawdown, and therefore, a small specific capacity and a smaller estimate of transmissivity. 
Thus, the limitations described are partly offset. 

Construction details and production test data for selected supply wells in east and central Bro
ward County are given in table 2 (shown at the end of report); site locations are shown in figure 9. 
The data were compiled from information provided by the well owners or from files ofthe South 
Florida Water Management District. Well diameters, ranging from 4 to 24 inches, and type of finish 
are given because pumping capacity varies with those factors. Although open-hole finish predom
inates, screened wells are common. The production intervals identify highly permeable zones at 
each site and were helpful in preparation ofthe permeability frmnework. The discharges and draw
downs are those reported on well completion test forms rather th^i the rated capacity ofthe pump 
and well. Although, in many cases, the pumping period is not known, examination of detailed test 
data from several wells shows that virtually all the drawdown occurs within a few minutes. Specific 
capacities were calculated, and the maximum and minimum values of specific capacity for each 
site axQ shown in figure 9. 

Histograms ofthe specific capacity for supply wells in four areas in east and south-central 
Broward County are shown in figure 10. Most specific capacities range from 100 to 2,000 (gal/ 
min)/ft. In the north (areas 2 and 4), specific capacities tend to be lower, on the average, than in the 
south (areas 1 and 3). In area 4, most are less than 100 (gal/min)/ft. The highest values are in south-
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Figure 9. Location and range of specific capacity for supply wells in east and south-central Broward County. 
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east Broward County (area 1), as high as 4,500 (gal/min)/ft at a Hallandale municipal supply well. 
Figure 10 also shows, in general, that specific capacities are higher, on the average, in the coastal 
^eas (1 ^id 2) than in the inland axQas (3 and 4) directly west. 

At most well fields, there is a considerable range in specific capacity. For example, values 
range from 520 to 4,500 (gal/min)/ft at Hallandale and from 100 to 320 (gal/min)/ft at Margate 
Utilities. Factors causing variations include (1) differing well efficiency and well diameter, (2) dif
fering thickness of production interval, (3) differing depth intervals tapped by the wells, and (4) 
local variations in transmissivity. A significant amount ofthe variation is normally caused by dif
ferences in well efficiency and well construction. 

Estimates of transmissivity from specific capacities provide m^iy values that maybe used to 
characterize transmissivity in local areas and may reveal areal trends or patterns. Transmissivities 
calculated from the relation T = 270 Q/s are shown in table 2 (at the end of report). Virtually all the 
supply wells are open to only part, often less than 25 percent, ofthe highly to very highly permeable 
materials in the Biscayne aquifer. Therefore, the transmissivity ofthe aquifer should be greater than 
the estimated value. Two methods commonly used to correct for partial penetration—one used by 
McClymonds and Franke (1972) on Long Island, N.Y., and also Bredehoeft and others (1983) for 
the Dakota aquifer; and the other proposed by TurcMi (1963) and advocated by Walton 
(1970)—were applied to three sites. However, the results were many times greater than values esti
mated directly from the specific capacity by equation 5 and are considered unreasonably high. (One 
"corrected" value was 17,000,000 ft/d.) Correction methods are often hard to apply in Broward 
County because ofthe difficulty in determining the thickness ofthe highly permeable zone ofthe 
aquifer; the production intervals of the wells are commonly very short, sometimes 5 feet or less 
(therefore, water is probably drawn from much more ofthe aquifer than the production interval); 
and the methods assume homogeneous aquifer materials, whereas in detail the very highly perme
able zone is heterogeneous, having layers ranging from sand to limestone with large cavities. A 
representative transmissivity at a given site is considered to be in the range of one to perhaps three 
times the value calculated from the highest specific capacity. 

Previously Available Aquifer Tests 

Conducting carefully controlled and successful aquifer tests in southeast Florida is difficult 
because: (1) large wells and pumps are needed to adequately stress the very transmissive aquifer; 
(2) the aquifer has a highly layered and nonuniform permeability distribution, thus, partial pene
tration and approximate nature of hydraulic models are common problems; (3) a long time is 
needed to determine the storage coefficient if a delayed yield type of response occurs; (4) boundary 
effects occur as drawdown propagates outward very rapidly and encounters surface-water recharge 
sources (canals, lakes, or quarries); (5) small and rapid drawdown, which may also introduce iner-
tial effects, m^es early time data difficult to collect; and (6) the pumped water must be removed 
a long distance so that local water levels in the test area may often be obtained from as little as 5 
feet of highly permeable rock, aquifer tests have not commonly been conducted. 

Selected aquifer test results from published U.S. Geological Survey reports are listed in table 
3. Also included is a notation characterizing the method of analysis. Despite the above practical 
problems and the use of various analytical methods, the values listed provide an indication of aqui
fer transmissivity at those sites. Locations ofthe sites are shown in figure 11. 
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Tests Conducted in this Study 

Most ofthe field tests for this study were conducted in central or west Broward County where 
there was little previous data (fig. 11). For various pumping tests, 23 wells were installed: 22 were 
6-inch wells (with 6-inch open interval) and 1 was a 5-inch well (with 8-inch open interval). At 
many sites, separate wells were placed in the upper and lower parts ofthe Biscayne aquifer. At six 
westem sites, wells were also installed in the gray limestone or in a shell sand ofthe Tamiami For
mation. One pumping test was performed in a deep zone in east Broward Coimty where the only 
data available in deep zones (below 150 feet) were two specific capacity tests of production wells. 
All of the production wells have open-hole construction, except for two, which are screened, 
located at the Twenty-Six Mile Bend site (fig. 11, G-2312). Because the wells were installed using 
an air-circulation method (no drilling mud), clogging of pore spaces or cavities in the aquifer was 
minimized. Several small-diameter (1 1^- or 2-inch) wells were also installed for monitoring water 
levels, primarily in zones other than the pumped zone and for slug testing. Most of these wells gave 
oscillatory responses to slug tests, which indicate moderate to high permeability; therefore, those 
results are used only as a general guide for the permeability framework. 

The field tests may be divided into three types: single-well pumping tests using only the 
pumped wells for observations of response in the production zone, multiple-well pumping tests 
where a separate observation well in the pumped zone was also motored, and slug tests. The single-
well pumping tests included step-drawdown tests, drawdown-recovery tests, and specific capacity 
tests. By use ofa 4-inch suction pump, discharges up to 530 gal/min were obtained. Transmissivi
ties and hydraulic conductivities obtained from the pumping tests and well construction data are 
listed in table 4. 

Step-drawdown tests were run at sites with moderate to high transmissivities. Pumping rates 
typically were about 160, 260, 370, and 500 gal/min, but for comparatively low trmismissivity 
zones, the pumping rates were reduced as needed. For the lowest transmissivity zones, only spe
cific capacity tests were run at low pumping rates to minimize well losses. The step-drawdown 
tests were usually run as independent cycles, each cycle consisting of 30 minutes of pumping fol
lowed by a recovery period. Whenever recovery was sufficiently slow, the highest discharge step 
was run for 60 to 100 minutes followed by recovery measurements. The Biscayne aquifer recov
ered far too quickly, within 1 or 2 minutes, to make satisfactory measurements, but recovery tests 
were sometimes possible in the gray limestone aquifer, and transmissivity values calculated from 
recovery data were similm' to the step-drawdown test results. 

Jacob (1947) expressed drawdown in a pumped well by the relation: 

s^ = BQ + CQ^ (6) 

where 

ŝ ^ is drawdown in pumped well, 

BQ is aquifer loss term, 

CQ is well loss term, 

B is constant, 

C is constant, and 

Q is discharge. 
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Table 3. Aquifer hydraulic properties determined in previously available tests 
[See figure 1 for location of sites. Location or owner: AA, Alligator Alley; FL-D, Fort Landerdale-Dixie well field; P, Prospect 

well field; PB-P, Pompano Beach-Palmaire well field; SFSH, Soutli Florida State Hospital; SR-7, State Road 7. Latitude and 

longitude for sites represented by map letter C, F, J, L, M, and Q are accurate to • 1 second; latitude and longitude for the 

remaining sites are accurate to • 30 seconds. Method of test analysis: DY, delayed yield (Boulton, 1963; Neuman, 1972); E, 

equilibrium (U.S. Anny Corps of Engineers, 1953); L, leaky (Hantush and Jacob, 1955); NL, nonleaky (Theis, 1935), CH2M 

is CH2M Hill, Inc.; M&DM is James M. Montgomery, Consulting Engineers, Inc., and Dames and Moore. 

Inch-pound units: Transmissivity, in square feet per day; Storagecoefficientor specific yield, is unitless; ~ , data not available.] 

Map 
letter 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

Loca
tion of 
owner 

Miami 
Canal 

SFSB 

Pembroke 
Pines 
Near 

S-9 piimp 
station 

Tree Tops 
Park 

FL-D well 
field 

Near U.S. 
Highway 

27 and AA 
Canal C-l3 
and SR-7 

North 
Lauderdale 

P 
(Fiveash) 

P 
(Executive 
Airport) 

PB-P 

Pompano 
Beach 
Trade 

winds Park 
Winston 

Park 
North New 

River 
Canal 

Deerfield 
Beach 

Hillsboro 
Canal 

Lati
tude 

255730 

260000 

260050 

260330 

260400 

260609 

260845 

261020 

261300 

261143 

261130 

261355 

261520 

261600 

261730 

262000 

261901 

262115 

Long
itude 

0802730 

0801500 

0801450 

0802600 

0801630 

0801205 

0802630 

0801210 

0801315 

0801121 

0801000 

0801030 

0800705 

0801030 

0801030 

0803230 

0800643 

0801750 

Date 
of 

test 

1952 

1985 

1985 

1951 

1985 

1947 

1951 

1980 

1985 

1979 

1956-
57 

1979 

1961 

1985 

1985 

1951 

1961 

1951 

Method 
of test 
anal
ysis 

E 

DY 

DY 

E 

DY 

NL 

E 

DY 

DY 

DY 

L,NL 

NL 

NL 

DY 

DY 

E 

L 

E 

Trans
missivity 

640,000 

180,000+ 

510,000 

920,000 

900,000 

160,000 

110,000 

97,000 

140,000 

260,000 

330,000 

90.000 

200,000 

360,000 

120,000 

8,700 

53,000 

0.86+ 

Storage 
coeffi

cient or 
specific 

yield 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

0.093 

~ 

.25 

.015 

~ 

.30 

~ 

~ 

~ 

.004 

~ 

Source 
of 

infor
mation 

ACE 
(1953) 

M&DM 
(1985) 

M&DM( 
1985) 

ACE 
(1953) 

M&DM 
(1985) 

CDM 
(1980a) 

ACE 
(1953) 

CDM 
(1980a) 
M&DM 
(1985) 

CDM 
(1980b) 

Sher 
wood 
(1959) 

CH2M 

(1979) 
Tarver 
(1964) 

M&DM 
(1985) 

M&DM 
(1985) 

ACE 
(1953) 

Tarver 
(1964) 

ACE 
(1953) 

Remarks 

Tested only deep zone: 
less transmissive than 
usual production zone. 

Partially penetratmg 
production and obser
vation wells. 

Corrected for partial 
penetration. 

Corrected for partial 
penetration. Produc
tion well 36. 

See footnote 1. 

Test conducted m 4.6 
feet of near-surface 
Iknestone: does not 
include deeper lime
stones. 

^Sherwood and others (1973) report transmissivity at site is much higher than tliat shown because more permeable zone occurs 

below tested interval. 
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Table 4. Aquifer hydraulic properties determined from pumping test in this study 

[See figure 11 for location of sites and table 1 for infonnal site name. USGS, U.S. Geological Survey; SN, sequence, number. Well 
fmish: OH, open hole; S, screen. Geologic formation: Qa, Anastasia Fonnation; Qf, Fort Thompson Formation; Tt, Tamiami 
Formation. Type of test: 1, step-drawdown test (Jacob, 1947; Biersclienk, 1963); 2, multiple well aquifer test (Theis, 1935; 
Cooper and Jacob, 1946; Hantush and Jacob, 1955; Cooper, 1963); 3, specific capacity test (Theis and otliers, 1954; 
McClymonds and Franke, 1972); 4, single well (production well) recovery test (Theis, 1935). Inch-pound units: diameter of 
open interval, in inches; open interval, in feet below land surface; approximate aquifer interval affected by test, in feet below 
land surface; transmissivity, in square feet per day; approximate average hydraulic conductivity, in feet per day. Remarks: S/C, 
storage coefficient; S/S, specific storage; GL, gray limestone aquifer.] 

USGS 
well 

number 

G-2311A 

G-2311B 

G-2312J 

G-2312K 

G-2313A 

G-2313B 

G-2313C 

G-2313 J 

G-2317K 

G-2319D 

G-2319X 

G-2320J 

G-2320X 

G-2321J 

G-2321K 

G-2322F 

G-2330X 

G-2330Y 

G-2330Z 

G-2338B 

G-2338C 

G-2342B 

Site identification 

Lati
tude 

260335 

260335 

261347 

261347 

261958 

261958 

261958 

255722 

255722 

260843 

260843 

260846 

260846 

260742 

260742 

260617 

260844 

260844 

260844 

260532 

260532 

261348 

number 

Long
itude 

0802637 

0802637 

0802737 

0802737 

0804106 

0804106 

0804106 

0802455 

0802455 

0802839 

0802839 

0803542 

0803542 

0802200 

0802200 

0801612 

0804159 

0804159 

0804159 

0805036 

0805036 

0801220 

SN 

03 

02 

03 

04 

02 

03 

04 

02 

03 

06 

02 

02 

08 

02 

03 

07 

04 

03 

02 

03 

04 

03 

Weil 
fin
ish 

OH 

OH 

S 

s 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

Diam 
-eter 
of 

open 
inter
val 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

8 

Open 
inter
val 

22.5-30 

40-65 

110-140 

40-50 

12-22 

46-81 

106-146 

40-61 

20-30 

31-49 

118-140 

93-167 

30-55 

60-88 

15-24 

69-117 

20-33 

38-48 

81-167 

10-33 

102.5-156 

170-190 

Approx
imate 
aquifer 
interval 
affected 
by test 

21-32 

36-65 

106-140 

40-62 

12-22 

46-82 

106-146 

40-61 

20-33 

31-50 

113-156 

83-167 

30-59 

51-87 

16-24 

69-117 

21-33 

38-49 

72-167 

10-35 

101-157 

170-190 

Geo
logic 
forma 
tion 

Qf 

Qf 

Tt 

Tt 

Qf 

Tt 

Tt 

Qf 

Qf 

Qf 

Tt 

Tt 

Qf 

Qf. Tt 

Qf 

Qa, Tt 

Qf 

Qf 

Tt 

Qf, Tt 

Tt 

Tt 

Type 
of 

test 

1 

1 

2,3 

3 

3 

3 

1 

1 

1 

1 

4 

1 

1 

1 

1 

1 

1 

1 

1,2.4 

3 

2 

3 

Trans-
mis 

sivity 

240,000 

670,000 

22,000 

9,000 

18,000 

9,000 

26,000 

710,000 

66,000 

430,000 

22,000 

67,000 

66,000 

870,000 

260,000 

600,000 

67,000 

860,000 

88,000 

17,000 

50,000 

1,500 

Approx
imate 

average 
hydrau
lic con

ductivity 

22,000 

23,000 

650 

300 

1,800 

280 

650 

34,000 

5,000 

23,000 

590 

910 

2,600 

24,000 

32,000 

13,000 

5,600 

78,000 

930 

680 

890 

75 

Remarks 

Estimate may be 

high because of 
leakage from 
nearby canal. 

S/C S=6xlO"^ 

Partially pene

trating wel! 

Most flow is 
frominten'al 17-
22 feet 

GL. upper part 

See footnote 1 

Same as for G-
23 U A 

Thickness of GL 
is 37 feet; 43-
foot aquifer 
interval includes 
6 feet of sand 
Transmissivity 
of whole aquifer 

is about 76,000 
square feet per 
day; GL. 

See footnote 2 

Veiy high per

meability from 
65-75 feet, espe
cially in cavities 
at 70-73 feet 
Same as for G-

2311A 

S/C S=7xlO"^ 
and S/S 83= 

8 x 1 0 ' ' f o o r ' ; 
GL. 

See footnote 3. 

^Overlying semiconfming layer is very leaky; 0.7 foot of drawdown occurred in G-2313B and 0.1 foot of drawdown in 
G-2313A (both wells 15 feet away); GL, lower part. 

^ Pumping another 6-inch diameter well open from 35 to 55 feet indicates even lower transmissivity for Biscayne aquifer at 
this site. 

^ Nearly ideal for Theis assumptions; recovery analysis of pimiped well and both straight-line drawdown and recovery 

analyses of observation wells at radial distances of 29.7 and 100 feet agree very closely on transmissivity; S/C S'lxlO"^ and S/ 

S Sj ' 3x10"^; open and affected intervals are from top of levee about 6 feet above land surface; GL. 
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The step drawdown test is a method of evaluating the aquifer loss, B, and well loss, C, constant and 
assigning relative amount of drawdown (head loss) to the aquifer and to the well. Bierschenk 
(1963) used a plot of S.JQ versus Q to determine B (the ^-intercept) and C (the slope ofthe line). 
Once B is determined, the specific capacity of an ideal well (one that measures only aquifer losses 
can be calculated from Q/S = \/B, and a transmissivity can be estimated from this specific capacity. 
The average constant 270 was used, as before, for the Biscayne aquifer. The multiplier of 300 was 
used for the gray limestone aquifer, which is semiconfined and has a much narrower range of 
hydraulic characteristics (small storage coefficient and limited ranges of tr^ismissivity, on the 
basis of results shown in table 4 and other tests recently completed in Dade County). 

A Bierschenk type of plot for selected wells used in this study is shown in figure 12. This 
figure illustrates the method, and the six wells selected are representative ofthe three groups that 
the data formed. The Biscayne aquifer data are divided into two distinct groups—an upper, less-
transmissive zone and a deeper, highly transmissive zone. The data from the gray limestone forms 
a third group having a different slope th^i the upper Biscayne zone but having roughly similar B 
value and transmissivity. Both zones ofthe Biscayne aquifer occur in central and west Broward 
County. 

The relation between specific capacity and pumping rate for selected wells is shown in figure 
13. As in figure 12, the wells may be divided into three groups. In the upper group are wells that 
tap high transmissivity zones ofthe Biscayne aquifer at depths generally ranging from 40 to 80 feet. 
Specific capacities for this group increase rapidly with decreasing pumping rate, and the curvature 
indicates that well losses are greater than aquifer losses in the drawdown relation (eq. 6) over most 
ofthe range of pumping rate. Drawdown at the lowest pumping rates (about 160 gal/min) ranged 
from 0.16 to 0.30 foot. 

A second group of three wells are open to most or all of the gray limestone aquifer at the 
respective sites. Results from these wells from straight or slightly curved lines at much lower spe
cific capacities. For these wells, aquifer and well losses are more nearly equal for the range of 
pumping rate shown. 

Three shallow wells open to less cavernous limestone and muddy sand in the upper part of 
the Biscayne aquifer plot in the range similar to wells finished in the gray limestone. The plots for 
these wells are slightly more curved than those ofthe gray limestone aquifer. This variation could 
be caused by different hydraulic effects of flow in cavities, vm îable effective radius as a function 
of pumping rate, or by some influence of nearby canals. 

Aquifer tests or recovery tests were performed at four sites, of which three had one or more 
observation wells in the production zone. The observation wells were placed near the pumped wells 
to minimize the effects of leakage and to obtain measurable drawdowns. A transducer and high
speed chart recorder were used on one of the tests (well G-2312J) to obtain accurate early time 
water-level measurements during pumping and recovery periods. Data from the aquifer tests were 
analyzed by a nonleaky semilog drawdown method described by Cooper and Jacob (1946) and the 
recovery method (Theis, 1935; Todd, 1980, p. 131-135),orby leaky aquifer methods described by 
Cooper (1963) and Hantush and Jacob (1955). The results, listed in table 4, include storage coeffi
cients that are accurate within about one-half order of magnitude. Examples of recovery tests are 
shown in figure 14. 

An estimate of average horizontal hydraulic conductivity may be calculated from the trans
missivities obtained from the tests (table 4) using equation 3. For specific capacity or step-draw
down test, the length of open hole or screen is a reasonable estimate of the thickness of the aquifer 
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that contributes most of the flow to the well, if the aquifer has significantly greater horizontal 
hydraulic conductivity than vertical hydraulic conductivity (as shown by layering) and ifthe open 
interval is relatively long (McClymonds and Franke, 1972, p. Ell) . For wells having short open 
intervals (less than about 20 to 25 feet) in the Biscayne aquifer, an estimate ofthe principal aquifer 
intervals supplying water to the wells, on the basis of drilling observations, lithologies, and wells 
in other intervals, was used to calculate the hydraulic conductivity. For the multiwell aquifer tests 
and the single-well recovery tests, the aquifer thickness (excluding sand beds in permeable lime
stone) rather than the open interval was used in the calculations. 

Slug tests were performed on five small-diameter wells open to sand or semiconfming mate
rials to obtain hydraulic conductivities for some of the less-permeable materials in the surficial 
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aquifer system. For three tests, air pressure was used to displace the water level, and a transducer 
and high-speed chart recorder were used to monitor water-level recovery (method described by 
Prosser, 1981). For two tests where water-level responses were slow, a bailer and chalked tape were 
used. Data from these tests were analyzed by the Hvorslev method (Hvorslev, 1951), which is suit
able for water-table conditions (E.P. Weeks, U.S. Geological Survey, oral commun., 1984). Results 
of these teste are shown in table 5. 

Laboratory tests for hydraulic conductivity and porosity were performed on nine rock sam
ples obtained from various zones during normal drilling operations by the dual-tube reverse-air 
method. (Coring and testing were performed by Core Laboratories, Inc., Dallas Texas.) Horizontal 
and vertical directions were determined for the samples from bedding features and shape. Horizon
tally oriented cores of 1-inch diameter were cut to obtain horizontal hydraulic conductivities, Kp̂ , 
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except for one sample which probably was oriented so as to yield a vertical hydraulic conductivity, 
K^ Water similar in composition to native ground water was uses for the tests. Porosity was deter
mined using a helium—Boyle's law technique to measure pore volume and then crushing the sam
ple to grain size to measure grain volume. Results of these tests are shown in table 6. 

HYDROGEOLOGY 

Hydraulic Conductivity Framework and Hydraulic Conductivity of the 
Sediments 

The hydraulic conductivity framework (permeability distribution) ofthe surficial aquifer sys
tem is portrayed by superimposing ranges of hydraulic conductivities on the eight geologic sections 
prepared by Causaras (1985). The framework is shown in figures 15 to 22 (location of well and 
sections are shown in fig. 3). Some aspects of ^eal vm îations in the lithology of geologic forma
tions are included here as pari ofthe discussion ofthe hydraulic conductivity framework because 
of relations between lithology and hydraulic conductivity. Detailed lithologic logs for each well 
and a description of the geology of the aquifer system are contained in the report by Causaras 
(1985). In addition to the hydraulic data and municipal well data reported in the previous section, 
other information used to construct the hydraulic conductivity framework included: 

• Flow rates obtained while drilling the test holes by the dual-tube reverse-air method; 
• Hydrologic inferences from inspection of all the geologic samples; 
• Published values of hydraulic conductivity in relation to grain size and sorting for clastic 

sediments and sandstone; and 
• Grain-size and sorting descriptions by Causaras (1985) mid sieve analysis of selected samples. 

The range of hydraulic conductivities ofthe materials that make up the surficial aquifer sys
tem is about seven orders of magnitude—from more than 10,000 ft/d for the more permeable cav
ernous zones to about 0.001 ft/d or less for dense green clay. For the hydraulic conductivity 
sections, this range is divided into five categories, and general lithologies are shown in table 7. Vir
tually all materials having hydraulic conductivities more than 1,000 ft/d occur only in the Biscayne 
aquifer—the possible exception being local areas ofthe gray limestone aquifer. Large supply wells 
are usually finished in materials that have high to very high permeabilities. Materials that have 
moderate permeability are considered the lower limit useful in this area as an aquifer for water sup
ply, primarily for domestic purposes. Materials of low permeability (from 0.1 to 10 ft/d) are not 
generally used for supply but permit seepage or leakage of water to more permeable beds. Materials 
of very low permeability to practically impermeable (less than 0.1 ft/d) will retard ground-water 
circulation considerably where present in thicknesses of a few feet or more. 

The sections (figs. 15-22) provide an indication ofthe horizontal hydraulic conductivity of 
the rocks or sediments. Because ofthe scale ofthe sections, rapid vertical changes in lithology and 
permeability could not be shown. Where it appe^s that a few or several thin zones of high perme
ability occur, separated by less-permeable materials (for exmnple, dense limestone), the higher 
range is shown. In such instances, the sections give a more accurate portrayal ofthe capability of 
the formation to permit lateral movement of water than to permit vertical movement. 
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Table 5. Hydraulic conductivities determined from slug tests in this study 

[See figure 11 for location of sites and table 1 for infonnal site name. USGS, U.S. Geological Survey; SN, sequence 
number. Well finish, is screen. Method of analysis, is Hvorslev (1951). Inch-pound units: approximate interval 
tested, in feet below land surface: hydraulic conductivity, in feet per day. Geologic formation: Qf, Fort Thompson 
Formation; QP, Pamlico Sand; Tt, Tamiami Formation] 

U S G S 
well 

n u m b e r 

G-2327A 

G-2327B 

G-2329A 

G-2329B 

G-2338H 

Lati
tude 

255820 

255820 

261014 

261014 

260532 

Long
itude 

0801448 

0801448 

0805122 

0805122 

0805036 

SN 

01 

02 

02 

03 

09 

Approx
imate 

interval 
tested 

23.5-26.5 

39.5-42.2 

17-20 

36-40 

68.2-70 

Geologic 
formation 

Qp 

Qp 

Qf 

Tt 

Tt 

Lithology 

Fine sand, minor lime 
mud, moderately sorted. 

Fine sand, minor lime 
mud, moderately sorted. 

Fine sand with lime mud. 

Mixed lime mud, shell 
fragments, quartz sand. 

Very fine sand, silt 
and clay. 

Hydraulic 
conductivity 

44 

27 

16 

.16 

.061 

Table 6. Hydraulic conductivities and porosities of samples determined by laboratory tests 

[Tests perfomied by Core Laboratory, Inc., Dallas, Texas. See figure 11 for location of sites and table 1 for informal 
site name. Inch-pound units: sample depth interval, in feet below land surface; porosity, in percent; hydraulic con
ductivity, in feet per day. Geologic formation: Th, Hawthorn Formation; Tt, Tamiami Formation. Direction of test: 
Kh, horizontal hydraulic conductivity; Kv, vertical hydraulic conductivity]. 

USGS 
well 

number 

Lati
tude 

Long
itude 

Sample Geolo-
SN depth gicfor-

interval mation 

Hydraulic „ . , ... , Poro- . Direction Lithology .̂  conduc- , . . ^ ' sity .̂ .̂  of test 
t iv i ty 

G-2320 

G-2344 

G-2345 

G-2347 

260846 

261423 

260641 

260507 

0803542 

0800715 

0801235 

0800856 

01 

01 

01 

01 

79-83 

466-469 

176-179 

179-183 

189-193 

359-363 

399-403 

419-423 

463-466 

Tt 

Th 

Tt 

Tt 

Tt 

Th 

Th 

Th 

Th 

Quartz sandstone 

Sandy calcarenite, 
friable 

Limestone 

Do. 

Do. 

Sandy calcarenite, 
friable 

Do. 

Do. 

Do. 

37 

41 

40 

39 

38 

38 

45 

47 

48 

12 

.40 

5.1 

3.3 

4.4 

3.4 

.61 

1.3 

8.9 

Kh 

Kv 

Kh 

Kh 

Kh 

Kh 

Kh 

Kh 

Kh 
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West Broward County 

A generalized west Broward County hydrogeologic section begins at land surface with a few 
feet of peat, muck, and lime mud of freshwater limestone. (At the drill sites, some of these materials 
havebeenreplaced with road or levee fill.) Below, to depths of 30 to 40 feet (figs. 15, 17, 18, and 
20) are interbedded materials ofthe upper p ^ ofthe Fort Thompson Formation consisting of hard, 
dense, cream, gray, or brown limestone, particularly in the upper part (fig. 23); sand or sand and 
shell with lime mud matrix; and some limestone with poorly to moderately developed solution-cav
ity zones. These upper beds generally retard vertical movement of water, but thin zones with cav
ities may be very highly permeable. 

Below the upper part ofthe Fort Thompson Formation is the very highly permeable zone of 
the Fort Thompson Formation (fig. 24) in the Biscayne aquifer. Along Alligator Alley (fig. 3), this 
zone extends from about 30 to 50 feet below land surface (fig. 17). At the Alligator Alley west site 
(G-2330, fig. 17), an extremely productive cavernous zone was found at 39 to 40 feet in four wells. 
In contrast, 6 miles east (G-2320, fig. 17), the 30- to 50-foot interval contains abundant sand, shell, 
and lime mud that is interbedded with, or fills cavities in, the limestone, greatly reducing the 
hydraulic conductivity. This suggests that there may be considerable variability of hydraulic con
ductivity and transmissivity in the Biscayne aquifer in west Broward County (see table 4 for test 
results). 

Along the eastern edge of Broward County and southward from Alligator Alley, the very 
highly permeable zone thickens and the base deepens to about 70 feet (G-2311 and G-2317, fig. 
20). Locally, highly permeable limestone beds ofthe Tamiami Formation that immediately under
lie the Fort Thompson Formation aiQ included in the Biscayne aquifer. Near the westem edge of 
the county (for example, G-2329 and G-2340, figs. 17 and 19), the permeable limestone is com
monly replaced by 40 to 70 feet of mixed lime mud, sand, and shell, or slightly indurated limestone 
having low permeability, except at the southwest Everglades site (fig. 19, G-2338) where about 35 
feet of highly permeable shelly limestone occurs (G-2338B, table 4). A slug test in the lime-mud-
shell-sand mixture at the Alligator Alley Snake Road site (G-2329B, table 5) indicated a hydraulic 
conductivity of 0.16 ft/d. North of Alligator Alley the Fort Thomson Formation thins, and at the 
North Everglades west, central, and east sites (fig. 15, G-2314, G-2313, and G-2315, respectively), 
only minor very permeable zones occur in beds that are primarily dense limestone or muddy sand. 
Thus, the Biscayne aquifer does not extend to those sites. 

From 20 to 60 feet of green, clayey sand and shell and limestone ofthe upper p^t ofthe Tami
ami Formation, mostly of low to moderate permeability (G-2329, G-2330, G2320, and G-2319, fig. 
17) occur below the Fort Thompson Formation in west Broward County. Green clay or green clay-
stone, sandstone, and lime mud also occur, usually in minor quantities. These materials ofthe upper 
pm"t ofthe Tmniami Formation and the lime mud-sand-shell beds ofthe Fort Thompson Formation 
previously described (along the western edge of Broward County) form a semiconfming unit that 
overlies the gray limestone aquifer and separates it from the Biscayne aquifer wherever the latter 
occurs in west Broward County (fig 7b). The degree of confinement varies areally. Pumping a 6-
inch well in either unit (Biscayne aquifer or gray limestone aquifer) at the Alligator Alley central 
site (G-2320, fig. 17) quickly causes water-level drawdown on the unpumped unit equal to 15 to 
20 percent of that in the pumped unit. This semiconfming unit is also leaky at the north Everglades 
central site (G-2313, fig. 15). Pumping well G-2313C (see table 4), open to the gray limestone 
between 106 and 146 feet, at about 400 gal/min for 25 to 30 minutes resulted in measured draw
downs of 7.21 feet (includes calculated well loss of 2.54 feet) in the pumped well, 0.73 foot in well 
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Table 7. Approximate ranges of hydraulic conductivity of materials that compose 
the surficial aquifer system, Broward County. 

[Range, in feet per day; >, greater than; <, less than. Geologic formation: Qa, Anastasia Formation; Qf, Fort Thomp
son Formation; Qk, Key Largo Limestone; Qm, Miami Oolite; Qp, Pamlico Sand; Th, Hawthom Formation; Tt, 
Tamiami Formation; Tth, undifferentiated Tamiami Fonnation or Hawthom Formation; Ttl, Tamiami Formation, 
lower part; Ttu, Tamiami Formation, upper part] 

Horizontal hydraulic 
conductivity 

Qualitative 
permeability 

Materials - lithology and porosity 
Geologic 

formations 
Range 

Very high 

High 

Moderate 

Low 

Very low to 
practically 
impermeable. 

• 1,000 Solution-riddled limestone, commonly shelly or sandy. 

Calcareous sandstone, may be shelly or have shell fragments; 
solution holes or rib-like channels. 

Coralline limestone, reefal, very porous. 

100-1,000 Gray, shelly limestone, locally sandy, relatively soft. 

Limestone or calcareous sandstone interbedded with sand, or 
with sand partially filling cavities. 

Coarse shell sand and quartz sand. 

Dense, charcoal gray to tan limestone with some solution chan
nels, usually shelly or sandy. 

10-100 Very fine to medium, relatively clean quartz sand. 

Fine to medium quartz Mid carbonate sand. 

Cream-colored limestone with minor channels. 

Tan, cream, or greenish limestone, locally containing shell 
sand. 

Calcareous sandstone and sand. 

Slightly clayey or sandy, gray limestone 

Oolitic limestone. 

Very fine to medium sand with some clay, silt, or lime mud, 
locally shelly. 

Soft gray or buff limestone with silt and fine sand. 

Dense, calcareous sandstone. 

Light-green, fme-grained foraminiferal limestone with very 
fme quartz said. 

Dense, hard limestone with very small cavities orchannels; 
approximately equal mixtures of sand, shell fragments, and 
lime mud. 

.01 Green clay or silt: locally with very fine sand. 

Sandy, shelly lime mud. 

Very dense, hard limestone with no apparent solution cavities 
or fractures. 

0.1-10 

Qf,Qa 

Qa,Tt 

Qk 

Tt 

Qa, Tt, Qf 

Tt 

Ttu 

Qp, Qa, Tt 
Tt 

Qf,Qa 

Tt 

Tt, Qa 
Tt 
Qm 

Tt, Qf, Qa 

Tt 

Tt 

Tt 

Qf 

Th, Tth, Ttl, 
Ttu, 

Tt 

Qf 
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Figure 23. Hard, dense limestone of low permeability of 
the Fort Thompson Formation that occurs at shallow 
depths in west Broward County, (a) very tight 
caprock at site G-2315; and (b) representative 
sample of low-permeability limestone at site G-2330 
(0 to 30 feet deep). 

Figure 24. Very highly permeable limestone of the 
Fort Thompson Formation in south-central and 
west broward County, (a) porous limestone with 
chalky cavity linings at 58 to 60 feet deep at site 
G-2317; and (b) porous, sandy, shelly limestone 
bolown out of well open at 40 to 65 feet deep at 
site G-2311. 

G-2313B (open 46 to 81 feet), and 0.12 foot in well G-2313A (open to the water-table aquifer 
between 12 and 22 feet). Both observation wells are 15 feet from the pumped well. However, con
finement is much greater in westernmost Broward County where the semiconfining unit is prima
rily green clay, silt, or a lime mud-sand-shell mixture (G-2338, between 50 and 101 feet; G-2346, 
between 28 and 60 feet; fig. 19) of low to very low permeability. At the southwest Everglades site 
(G-2338), leakage was not apparent during a 100-minute pumping test of well G-2338C open to 
the gray limestone. A bailer test of well G-2338H, open to a mixture of soft sand, silt, and clay in 
the upper part ofthe semiconfining unit, indicated a hydraulic conductivity of 0.061 ft/d (table 5). 
The unit becomes increasingly more clayey and stiff with depth at that site, and consequently, is 
less permeable than the tested interval. At site G-2338, the unit has the lowest permeability of any 
ofthe test sites in west Broward County. 
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Gray, shelly, relatively soft limestone (fig. 25) ofthe Tamiami formation in west Browed 
County forms a water-bearing unit, referred to as the gray limestone aquifer in this report. The top 
of this aquifer is usually found at a depth of about 70 to 100 feet below land surface (figs. 17-19, 
except in the northwest comer where it occurs at about 35 to 40 feet below land surface (figs. 17-
19), except in the northwest comer where it occurs at about 35 to 40 feet below land surface (G-
2313 and G-2314, figs. 15 and 19). Minor quartz smid or tan limestone lenses (probably less per
meable ihan the gray limestone) occur near the base ofthe aquifer at some sites. Observations made 
during drilling and examination ofthe lithologic samples suggest that the aquifer may be divided 
into two layers in many places—an upper layer that is less permeable and commonly thinner than 
the lower mor permeable and more consolidated layer. Thu upper layer is much thicker and nearer 
the surface at sites G-2314 and G-2313 (figs. 15 and 19) where there is a poorly consolidated and 
cemented facies ofthe lime mud-shell-sand mixture that occurs farther south (G-2340 and G-2329, 
fig. 19). At the North Everglades east site (G-2315 between 170 and 185 feet, fig. 15) there is a 
third deep layer that appears to be in a local basin, separated from the overlying layers by sand and 
less-permeable limestone. The thickness ofthe aquifer ranges from about 30 to 110 feet in west 
Broward County. 

Aquifer test (G-2320J, G-2330Z and G-2338C, table 4 indicate the hydraulic conductivity of 
the gray limestone aquifer is about 900 ft/d in the central and southwestern part of west Broward 
County. Apparently, there is a decrease in hydraulic conductivity and transmissivity near the east-
em edge of west Broward County, on the basis of a hydraulic conductivity of 590 ft/d at the Alli
gator Alley east sites (G-2319X, table 4; G-2319, fig. 17) and the presence of less-permeable or 
less-productive (much lower yields during drilling) facies found at sites to the south, east, and north 
(G-2311 and G-2312, fig. 20; G-2321, fig. 17; G-2312 and G-2341, fig. 16). The test value of 650 
ft/d (G-2313C, table 4; G-2313, fig. 15) at the north Everglades central site and the lithologies and 
lower yields at adjacent sites to the east and west suggest a general decrease in hydraulic conduc
tivity in that area. The apparent decreases to the east and north may correlate with changes from a 
limestone having abundant coarse shell fragments and shells to a more fine-grained limestone with 
smaller pore spaces and containing more quartz sand, silt, and clay. The poorly consolidated upper 
layer that occurs in northwest Broward County probably has a lower hydraulic conductivity than 
the main part of the aquifer, as indicated by relatively low yields obtained during test drilling and 
a value of 280 ft/d from a test at the north Everglades central site (G-2313B, table 4; G-2313, fig. 
15). 

Below the gray limestone, from 0 to 25 feet of limestone of moderate to low permeability (for 
example, G-2315 and G-2316, figs. 15 and 18) may occur locally above a 20- to 40-foot sequence 
of fine quartz sand. The quartz sand locally may contain moderate amounts of carbonate sand in 
the upper part. The sand has relatively little clay or silt in the upper part but becomes greenish and 
more phosphatic and clayey with depth (fig. 26a) until green clay or silt is found (fig. 26b). At some 
places, the green clay is very stiff, and at others, it is softer mid less compact or cohesive. The trmi-
sition from muddy sand to clay or silt, with the consequent permeability contrast, marks the base 
of the surficial aquifer system in west Broward County. The base occurs at a relatively uniform 
depth of about 160 to 200 feet in that area. 
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(a) (a) 

Figure 25. Gray, shelly, highly permeable limestone ofthe 
Tamiami Formation in west Broward County, (a) 119 to 
123 feet deep, site G-2320; and (b) 130 to 140 feet 
deep, site G-2319. 

Central and East Broward County 

(b) 
Figure 26. Silty, very fine sand with phosphorite and 

stiff, green, silty clay of the Tamiami Formation in 
west Broward County, (a) 239 to 243 feet deep, site 
G-2315; and (b) 209 to 212 feet deep, site G-2313. 

A major transition on the geology, and consequently, the hydraulic conductivity framework 
of Broward County occurs in the vicinity of the boundary between west and central Broward 
County. The depositional environments ofthe sediments in east and central Broward County were 
sufficiently complex mid variable in space and time that there is less simil^ity of lithology between 
the test holes there than in west Broward County where the continuity of lithology is greater. Logs 
given in reports by Parker and others (1955), Sher\\'ood and other (1973, and drilling experiences 
(Joe Voegtle, U.S. Geological Survey, oral commun., 1983) indicate that even locally considerable 
variation in lithology may occur. The sediments ofthe surficial aquifer system in central Broward 
County tend to be fine grained and poorly sorted—^mostly clayey, fine-grained sands and fine
grained limestone. From about the boundary between central and east Broward County, the aquifer 
system and the principal geologic formations thicken toward the coast. Accompanying this trend, 
the sediments gradually become generally cleaner and coarser. Locally, near the coast, some cor-
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alline limestones are interpreted to have been reefs (Causaras, 1985). Although there are prominent 
changes in characteristics ofthe geologic formations from west to east (a coast parallel depositional 
pattern), there is also an important trend from south to north of decreasing limestone content (espe
cially cavernous limestone) and increasing sand and mud content. 

In north-central Broward County, at the Twenty-Six Mile Bend site (G-2312, fig. 20), a very 
different hydrogeologic section than the generalized west Broward County section occurs. Under
lying near-surface peat deposits and extending to a depth of 106 feet below land surface are muddy 
sands either interbedded with limestone or within cavities in limestone; thus, the interval has lower 
permeability than sites in south-central Broward County (G-2321, G-2311, G-2317, and G-2318; 
figs. 17, 18, and 20). Coarse shell sand, quartz sand, and shell-the thickest found at any ofthe test 
sites—occur from 106 to 140 feet (fig. 27). An aquifer test indicates and average hydraulic con
ductivity of 650 ft/d for this zone (G 2312 J, table 4). Although the extent of this shell sand is not 
known, it may be in hydraulic continuity laterally with part of the gray limestone aquifer to the 
south or north and presently included in that aquifer (fig. 20). The coM'se layer is underlain in 
sequence by about 15 feet of limestone if low permeability (a lateral equivalent ofthe gray lime
stone); by soft, sandy limestone or carbonate and quartz sand; by clayey, fine sand; and by green, 
sandy silt at the base ofthe aquifer system. The general lack of very highly permeable limestone, 
the abundance of muddy sands, and the presence (though less) of highly permeable shell or shell 
sand beds also is characteristic ofthe Cypress Creek Canal west site (G-2341, fig. 16) and Hills
boro Canal west site (PB-1428, fig. 15) on the east side of Conservation Area 2A. Hence, these 
lithologies and permeabilities appear to be characteristic of the northem half of the north-central 
Broward County area. 

Along the westem edge of south-central Browed County (G-2317, G-2311, and G-2319; fig. 
20), the upper 35 to 40 feet ofthe Fort Thompson Formation contains low or moderately permeable 
sand with lime mud and shell, and dense limestone interbedded with some very highly permeable 
limestone beds that have thin horizons with cavities. The cavities may be partially filled with 
muddy sand. A lower zone ofthe Fort Thompson Formation, extending to depths of about 60 to 70 
feet, is solution-riddled limestone that is relatively free from sand or lime mud (fig. 24a, b). 
Hydraulic conductivities of this zone may often exceed 10,000 ft/d (G-2311B, G-2317J, table 4). 
The Fort Thompson Formation is very highly permeable, especially in a cavernous zone at 71 feet 
(G-2321 J, table 4). Subjacent beds ofthe Tamiami Formation are locally of high permeability and 
are included in the Biscayne aquifer. 

Figure 27. Coarse, shell sand and quartz sand of the 
Tamiami Formation in west Broward County. Occurs 
from 126 to 129 feet deep, site G-2312. 

39 



Except for shell sand zones in north-central Broward County or local highly permeable lime
stone included in the Biscayne aquifer, most ofthe Tamiami Formation in central Broward County 
consists of unconsolidated sediments of low or moderate permeability. The gray, shelly limestone 
ofthe Tamiami Formation in west Broward County, which composes most ofthe gray limestone 
aquifer, generally thins and grades eastward in central Broward County into less-permeable, sandy, 
silty, or clayey limestone or clayey, carbonate and quartz sands (figs. 7b, 17, and 18). In most 
places, the other Tamiami Formation sediments are thick sequences of clayey or silty fine sand, 
sandy silt, or sandy lime mud (see G-2341, fig. 16; G-2321, fig. 17; and G-2311 and G-2317, fig. 
20). A notable exception to the characteristic low permeability of Tamiami Formation sediments 
in this area occurs at the Hillsboro Canal west site (PB-1428, fig. 15). There, 20 feet of gray lime
stone suggests that the aquifer is continuous across the northem edge of central Broward County. 

In east Broward County, the uppermost materials are mostly fine to medium quartz sand (figs. 
15-18 and 21) ofthe Pmnlico sand and the Anastasia Formation. The sands aie usually clean and 
moderately permeable, but locally the Anastasia sands may have some lime mud in the matrix (fig. 
28) or thin limestone interbeds of low or moderate permeability. Two slug tests at the Miramar east 
site (G-2327, figs. 18 and 21) in fine sand with minor lime mud indicated hydraulic conductivities 
of 44 and 27 ft/d (G-2327A and G2327B, respectively, table 5). At sites located 6 to 7 miles inland, 
this sand body is thick, reaching depths of 80 feet in the northeast and 50 feet in the southeast (fig. 
21). The sand thins westward toward central Broward County and eastward toward the coast where 
it overlies or interfingers with limestone of the Anastasia Formation and Key Largo Limestone. 
Interfingering with discontinuous beds of the Miami Oolite may occur at shallow depths over much 
of east Broward County. 

The highly to very highly permeable zone of the Biscayne aquifer in east Broward County 
underlies the sand body and the Miami Oolite. It is composed of part ofthe Anastasia Formation, 
the Key Largo Limestone, the Fort Thompson Formation, and part ofthe Tamiami Formation (figs. 
16 and 17). The municipal supply wells listed on table 2 (at the end of report) are open to this zone 
and were used as and aid in mapping highly permeable materials. To allow comparisons among 
four areas in east and south-central Broward County, histograms ofthe depth to the top of produc
tion intervals (fig. 29 and thickness of production intervals (fig. 30) were prepared. These show 
that few wells are less than 50 feet deep, that most are cased to depths 50 and 120 feet below land 
surface (depending on the area), and that the production intervals (open hole or screen lengths) are 
usually between 5 and 20 feet thick. The very highly permeable zone is usually thicker than indi
cated by the histograms of production interval thickness because Im ĝe quantities of water can often 
be obtained from thin cavernous zones and because the zone commonly has interbeds of sand. In 
a given area, production wells are often finished at a variety of depths. In some instances, deeper 
highly permeable zones may occur but are not used, such as reported by Bearden (1974, p. 25) for 
the Hollywood area. 

A wide variety of lithologies with differing degrees of cavity-related permeability develop
ment occurs in the very highly permeable zone, including coarse-grained limestone (fig. 31a), 
micritic limestone often containing large cavities, sandy micritic limestone, limestone composed 
of calcite-cemented mixtures of carbonate and quartz sand (fig. 3 lb.), and calcareous sandstone or 
sandy limestones commonly occur as round or tubular concretionary structures (fig. 31c), usually 
lying loose in sand and of moderate permeability, or small cavities that probably are highly perme
able (fig. 3Id). These sandstones occur in both the Anastasia Formation and Tamiami Formation. 
Sand is commonly found interbedded with permeable rock layers or found in partially filled cavi
ties. Several of these lithologies usually occur at any given site. However, highly permeable coral-
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Figure 28. Near-surface sands in east Broward County, (a) fine, brownish quartz sand (6 to 9 feet deep, site G-2345); 
(b) clean, white, fine quartz sand (29 to 33 feet deep, site G-2327); and (c) fine to very fine quartz sand with 5 to 
10 percent lime mud matrix (43 to 46 feet deep, site G-2327). 

line limestone (fig. 32), assigned by Causaras (1985) to the Key Largo Limestone, was found only 
in wells near the coast (fig. 22). 

Several miles inland from the coast, the base ofthe highly to very highly permeable zone of 
the Biscayne aquifer is about 150 to 200 feet below land surface (fig. 21). Bearden (1974, p. 25) 
reported that in the Hollywood area, highly permeable limestones of the Tamiami Formation 
extend to a depth of about 200 feet (about midway between wells G-2327 and G-2345, fig. 21). 
Also, at the Dixie well field (near site G-2345, figs. 17 and 21), municipal production well open at 
181 to 189 feet (see table 2 at the end of report) and geologic logs reporting large cavities (Parker 
and others, 1955) indicate highly permeable limestones exist there from about 190 to 200 feet. 
However, the geologic logs indicate that lithologies probably range from very high to low perme
ability in this zone. Laboratory tests on tree samples of limestone from 176 to 193 feet deep at the 
north Dixie well field site indicated hydraulic conductivities of only about 4.3 ft/d, but porosity 
averaged 39 percent (table 6). The limestone from about 140 to 193 feet in this well (G-2345) 
shows little or no development or small interconnected cavity networks; hence, as suggested by 
Parker's logs, cavities may be few but several inches to greater than 1 foot wide. As shown in figure 
21, along the northernmost and southernmost parts ofthe section, Tamiami limestone or sandstone 
deeper than about 150 to 160 feet is less permeable than at Hollywood and the Dixie well field and 
is not included in the Biscayne aquifer. At the Cypress Creek Canal east site (G-2342, figs. 16 and 

41 



f 
o 

I" 
c 

f 
- 1 

o 
a) 
a 
i. 

g 
a 
ft 

I 
a 
TT 

I 
a 
ffl 

c 
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(c) (d) 
Figure 31. Some common lithologies in the Biscayne aquifer in east Broward County, (a) carbonate grainstone with 
abundant quartz. Anastasia Formation near the coast (70 to 74 feet deep, site G-2347); (b) carbonate grinstone show
ing linear structure and tubular porosity, Anastasia Formation (80 to 95 feet deep, site G-2322); (c) various calcite-
cemented "concretionary" structures, Anastasia and Tamiami Formations near the coast (0 to 300 feet, site G-2347); 
and (d) calcareous sandstone (296 to 299 feet deep, site G-2347). 

21), a specific capacity test of greenish, Ughtly to moderately cemented quartz and carbonate sand 
and sandy, shelly limestone between depths of 170 and 190 feet gave a hydraulic conductivity of 
75 ft/d, comparable to a medium smid (G-2342B, table 4). 

In east Broward County inland from the coast, the Tamiami Formation sediments that under
lie the very highly permeable zone ofthe Biscayne aquifer form a thick section of quartz and car
bonate sand (fig. 33a) of moderate permeability. Locally, there may be an admixture of minor silt 
or minor beds of light-greenish or grayish, soft limestone that locally may be sandy (fig. 33b). At 
the north Dixie well-field site (G-2345, fig. 17), for example, these sediments extend from 193 to 
310 feet below land surface. The average vertical hydraulic conductivity of this sand zone is less 
than the horizontal hydraulic conductivity, especially at the north Dixie well field where there are 
many thin layers of silt, siltstone, and greenish limestone of low permeability. The lowest part of 
this section, immediately overlying the base ofthe surficial aquifer system, is clayey or silty quartz 
and phorphorite s^id simile to west Browed County. 
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Figure 32. Coralline, very highly permeable Key Largo 
Limestone, (a) 97 to 100 feet deep, site G-2347; and (b) 
87 toi 90 feet deep, site G-2347. 

Figure 33. Quartz and carbonate sand or soft, sandy 
limestone ofthe Tamiami formation in east Broward Cou 
ty. (a) 266 to 269 feet, site G-2345; and (b) 203 to 206 
feet deep, site G-2342. 

Nearer the coast at the Snyder Park site ^id the Pompano Beach well-field site (G-2347 and 
G-2344, figs. 16, 17, and 22), the quartz and carbonate sands ofthe Tamiami formation are gener
ally coarser and better sorted. Differential cementation and solution processes acting on these sed
iments have produced more permeable zones (than farther inland) composed of calcareous 
sandstones or sandy limestones (fig. 3Id). Although no aquifer test and little production data are 
available for this deep zone, the hydraulic conductivities probably range from 100 to more than 
1,000 ft/d, depending on the development of solution cavities. Thus, the Biscayne aquifer extends 
to depths of about 330 feet in this area. A few hard sandstone layers apparently lack solution fea
tures and probably have hydraulic conductivities of about lOft/d. 

The uppermost part of the intermediate confining unit underlying the surficial aquifer system 
in east Broward County is predominantly silt rather than the clay found in west Broward County. 
However, near the coast, no clay or silt was found. Instead, various types of limestone of low per
meability occur. At the Snyder Park site (G-2347, figs. 17 and 22) and the Pompano Beach well-
field site (G-2344, figs. 16 and 22), at least 100 feet of soft, fine-grained, greenish calcarenite (fig. 
34) with up to 25 percent very fine quartz sand was found. Laboratory permeability tests on four 
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Figure 34. Greenish, sandy calcarienite in east Broward 
County. Occurs from 419 to 423 feet, site G-2347. 

samples from the Snyder Park site indicated horizontal hydraulic conductivities ranging from 0.61 
to 8.9 ft/d and averaging 3.6 ft/d (table 6). Although this limestone is much more permeable th^i 
clay, it is much less permeable than the overlying materials, which are predominantly highly per
meable limestone or sandstone, and it is a lateral equivalent ofthe clay and silt to the west. There
fore, the top of this thick sequence is taken as the base of the surficial aquifer system along the 
coast. 

Delineation ofthe Surficial Aquifer System and Aquifers within the 
System 

Contour maps were prepared that delineate the surficial aquifer system and the aquifers 
within the system. These maps are based on the aquifer definitions previously given, aquifer test 
results, and the hydrogeologic sections (figs. 15-22). 

A contour map showing the altitude ofthe base ofthe surficial aquifer system below sea level 
is given in figure 35. In addition to the test holes drilled in this study, eight others from Parker and 
others (1955) or from U.S. Geological Survey files were used to select the base. The base ofthe 
surficial aquifer system is at a relatively uniform altitude of 150 to 200 feet below sea level (about 
160 to 210 feet below land surface) over the westem two-thirds ofthe county. The base slopes grad
ually downward to the east and also into a small depression at the North Everglades east site (G-
2315, figs. 3 and 15). The base rises to a high area shown as a north-south ridge through the Cypress 
Creek Cmial west site (g-22341, figs. 3 and 16) where more than 60 feet of sandy silt was found 
below the base of the aquifer system. This trend could continue southward, passing near the 
Markham Park site (g-2321), to the Snake Creek Canal west site (G-2317) at the Dade County line. 
However, the latter test hole was not drilled sufficiently deep to be certain that the base had been 
reached. A continuation ofthe ridge-like high area ofthe base has been recently found to the north 
onPalmBeachCounty (W.L. Miller, U.S. Geological Survey, oral commun., 1984). Eastward from 
this trend, the base slopes downward at 10 to 20 ft/mi to altitudes of 300 to 400 feet below sea level 
along coastal Broward County. 
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Contours on the base and the top ofthe highly permeable gray limestone aquifer in the Tami
ami Formation are shown in figure 36. The aquifer, as mapped, includes all intervals ofthe gray 
limestone that are at least 10 feet thick and have an estimated hydraulic conductivity of at least 100 
ft/d. Also included is the coarse shell sand at the Twenty-Six Mile Bend site, although it is not 
known for certain that it connects with highly permeable gray limestone beds. The configuration 
ofthe top is complex. It generally slopes downward to the east from 20 to 85 feet below sea level 
along the Collier County line to about 110 feet below sea level neai the eastern edge of west Bro
ward County. In contrast, the base is more uniform in altitude. Its configuration is slightly basin 
shaped, the deepest point being 173 feet below sea level along Alligator Alley is about 90 feet 
thick. The north Everglades west site (G-2314, figs. 15 and 19) has the greatest thickness, about 
110 feet, but the average permeability at the site is much lower than along Alligator Alley. 

The eastern edge ofthe gray limestone aquifer is near the boundary between west and central 
Broward County, except ne^ the Palm Beach county line. The eastern edge is mapped at the rapid 
transition from highly permeable limestone or contiguous shell sand (hydraulic conductivity of at 
least 100 ft/d) to much less permeable facies, except near the Hillsboro Canal west site (PB-1428, 
fig. 15). East ofthe site, the gray limestone may change to low permeability fine-grained facies of 
the Tamiami Formation, as in most of central Broward County, or it may connect directly with the 
Biscayne aquifer. Recent test (billing has shown that the aquifer continues into southwest Palm 
Beach County (W.L. Miller, U.S. Geological Survey, oral commun., 1984) and into northwest Dade 
County. Figure 36 indicates that it also extends into Collier County and Hendry County. 

The base and approximate westem and northem limit of the Biscayne aquifer are shown in 
figure 37. The limit is drawn where the thickness of very highly permeable limestone or calcareous 
sandstone is estimated to decrease to less than 10 feet. It follows relatively close to the boundary 
given in figure 8 by Klein and others (1975), exceptthatthenorthemhalf of north-central Broward 
County was excluded because test drilling conducted in this investigation did not indicate sufficient 
thickness of very highly permeable limestone in the area. The sediments in the excluded area are 
predominantly muddy sands and shell or limestone that ^ e generally not highly permeable. The 
base OS drawn on the bottom of highly permeable limestone or sandstone in the Tamiami Formation 
that is virtually contiguous with overlying rocks of very high permeability in the Fort Thompson 
Formation, Anastasia Formation, or Tamiami Formation. In General, the Biscayne aquifer is shal
low, and the base deepens gradually in west and central Broward County. However, the aquifer 
thickens, and the base deepens very rapidly in the coastal area to more than 300 feet below sea 
level. 

A significant difference between figure 37 and previous maps is that the very thick, highly 
permeable, calcareous sandstone and limestone beds at depth in the coastal area are included in the 
Biscayne aquifer. In agreement with this interpretation, Tarver (1964, p. 8) suggested that the base 
of the Biscayne aquifer is about 400 feet below sea level near the coast in northeast Broward 
County. Previous test data near the coast were sparse because salt water intrusion is a problem. 
Other contour maps (such as shown in figure 8) or reports typically indicate a depth of about 160 
feet based on wells drilled primarily to zones used for municipal supplies. 

Transmissivity Distribution of the Surficial Aquifer System and 
Relation to Aquifers on the System 

The generalized distribution of transmissivity on the surficial aquifer system of Broward 
County is shown in figure 38. The lines represent approximate boundaries that separate areas of 
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general ranges of transmissivity. Transmissivity may vary by an order of magnitude within a 
mapped area and locally may be either less or greater than the range indicated. Therefore, site-spe
cific investigations of transmissivity mid the hydrogeology may often be necessary for various 
potential local uses of the water resource. Values taken into consideration for mapping, selected 
from those listed in tables 2 to 4 are shown and are subject to the limitations previously discussed. 
The mapping emphasized the higher transmissivity values because they are believed to be close to 
the true transmissivity in that all values may be lower than natural due to well construction or par
tial penetration. Other information used as mapping guides include the hydrogeologic test drilling 
results particularly in west and north Broward County, drawdown around well fields, and an 
attempted aquifer test ofthe Hallandale well field. Hydraulic data within about 2 miles ofthe coast 
are lacking because supply wells are not drilled in the area threatened by saltwater intrusion. 

In general, the surficial aquifer system increases in transmissivity from less than 75,000 f t l 
d in north and west Broward County to probably greater than 1,000,000 ft /d in coastal southeast 
Broward County. The transition from relatively low to high transmissivity occurs across a narrow 
east-west trending zone in central Broward County and is more gradual elsewhere. The transmis
sivity in coastal areas usually exceeds transmissivity in those areas several miles directly inland. In 
much of east and south-central Broward County, the transmissivity ofthe surficial aquifer system 
is about 300,000 ft/d or more. Most ofthe transmissivity in that area occurs within the very highly 
permeable zone ofthe Biscayne aquifer. In west Broward County, the gray limestone, like the Bis
cayne aquifer, has significant transmissivity and accounts for most ofthe transmissivity ofthe surf
icial aquifer system along the westernmost and northernmost part of that area. 

In southeast Broward County, the high specific capacities from partially penetrating wells at 
the Hallandale well field (fig. 9), as much as 4,500 (gal/min)/ft, suggest that the transmissivity there 

'y 

may exceed 1,000,000 ft/d. This is supported by observation of drawdowns of only a few hun
dredths of a foot in nearby wells for a pumping rate of 2,400 gal/min during an aquifer test 
(Bearden, 1972, p. 15) that was unsuccessful because ofthe nominal drawdown, and by the very 
shallow cone of depression for the well field. High specific capacities and low hyc^aulic gradients 
(Bearden, 1974, figs. 11-13) at the Hollywood and Dania well fields suggest that transmissivity in 
these areas may also exceed 1,000,000 ft d. Also, the Hollywood area has at least two highly per
meable zones (Bearden, 1974, fig. 7 and p. 10, 30, and 31), and the supply wells are partially pen
etrating. This m̂ ea of very high transmissivity may extend as far north as the Snyder Park test 
drilling site (G-2347, figs. 17 and 22) where thick, extremely porous, and permeable Key Largo 
Limestone and other permeable lithologies were found. 

In northeast Browm^d County, the transmissivity is less than that in the southeast because the 
surficial aquifer system contains more sand and less limestone having large cavities. The lowest 
transmissivities in east or south-central Broward County occur in the northwestern part of east Bro
ward County, west ofthe Cypress Creek Canal east site and Hillsboro Canal east site (G-2342 and 
G-2323, respectively). Most ofthe sediments in that area ^ e sand and shell, commonly with clay 
or lime mud (figs. 15 and 16). 

Available data indicate that transmissivity of the surficial aquifer system may be extremely 
variable in west Broward County, primarily because of variations within the Biscayne aquifer. 
Because few tests are available on the Biscayne aquifer in west Broward County (three test sites 
lie outside the Biscayne aquifer), the mapped pattern (fig. 38) should be used with caution in that 
area. Very high transmissivity occurs where the Biscayne aquifer has significant open solution-cav
ity zones. Otherwise, transmissivity on the gray limestone aquifer in the Tamiami Formation may 
equal or exceed that ofthe Biscayne aquifer. The Alligator Alley central site (G-2320, fig. 17), cav-
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Figure 38. Generalized distribution of transmissivity of the surficial aquifer system in Broward County. 

52 Hydrogeology, Aquifer Characteristics, and Ground-Water Flow of the Surficial Aquifer System, Broward County, Fiorida 



f HOLLYWOOD 

HALLANDALE 

80* 07-30'-
BASE FHOM U.S.QEOLOGiCAL SURVEY 
1:14.000 QUADRANOLES 

Figure 38. Generalized distribution of transmissivity of the surficial aquifer system 
in Broward County (continued). 

53 



ity zones are either poorly developed or mostly filled with sand, shell, and lime mud. At site G (fig. 
11, table 3), a test by the U.S. Army Corps of engineers in the Biscayne aquifer indicated a com
paratively low transmissivity of 110,000 ft^/day. At the Twenty-Six Mile Bend site (G-2312, fig. 
20), very little rock with open solution holes exists, and the site is not included in the Biscayne 
aquifer. The boundary between the area of less than 75,000 ft2/d and that of 75,000 to 150,000 ft2/ 
d should be regarded as a general trend. It closely approximates the westem limit ofthe Biscayne 
aquifer shown in figure 36. North mid west of that boundary, the limestones ofthe Fort Thompson 
Formation are thinner and denser with fewer cavities; therefore, the gray limestone aquifer is likely 
to have greater transmissivity than the Fort Thompson Formation in that area. The transmissivity 
of the gray limestone aquifer throughout most of west Broward County probably ranges from 
20,000 to 88,000 ft2/d. It is less where the aquifer thins or is absent along the eastern edge of west 
Broward County. 

THE GROUND-WATER FLOW SYSTEM 

The Present Flow System 

The principal sources of recharge to the surficial aquifer system in east and south-central Bro
ward County are infiltration of rainfall through surface materials to the water table, and to a lesser 
extent, water imported from the west or north that seeps through canals to the aquifer or is with
drawn from canals from irrigation. Under the water-conservation areas of west north-central Bro
ward County, recharge is by infiltration of direct rainfall, of water backpumped from south-central 
Broward County or from west Palm Beach County, or of water drained by canal from Hendry 
County. Soil types have significant control on the ease of infiltration. As shown in figure 5, the 
most rapid drainage occurs in east Broward County on medium to fine sand or on rocky coastal 
areas. Drainage is much slower over most of Broward County where peat and muck or marl and 
fine sand predominate. Infiltration also varies seasonally. Recharge by rainfall is greatest during 
the wet season from June to November, and recharge by canal seepage is greatest during the dry 
season from December to May. A highly generalized water budget for the Biscayne aquifer in east 
Broward County (fig. 39) indicates that about 37 inches, or 62 percent, ofthe 60-inch average rain
fall reaches the water table. In addition, a little more than 1 inch ofthe 2.5 inches pumped by supply 
wells returns to the water table. 

Discharge from the surficial aquifer system is by: (1) evapotranspiration (about 20 inches of 
the 37 inches that infiltrate the aquifer, fig. 39); surficial aquifer system in adjacent counties; and 
(3) pumping wells for municipal, industrial, domestic, ^id agricultural supplies. Evapotranspira
tion and ground-water discharge are greatest during the wet season when water levels, temperature, 
and plant growth rates are high. Reports by Sherwood and others (1973) and Leach and others 
(1972) provide much quantitative information on the hydrology ofthe canal system and its effects 
on ground-water levels, temperature, and plant growth rates are high. Reports by Sherwood and 
others (1973) and Leach and others (1972) provide much quantitative information on the hydrology 
of the canal system and its effects on ground-water levels, which will not be included here. 
Although pumpage (about 2.5 inches in 1973, fig. 39) is only a small part ofthe total discharge 
from the aquifer, its effect is amplified because it is greatest during the dry season when recharge 
and aquifer storage are smallest. Also, because pumpage has increased over the amount shown in 
the water budget and because many pumping centers are near the coast or near uncontrolled cmial 
reaches inland from the coast, saltwater intrusion is a serious concem. 
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Figure 39. Generalized water budget for the Biscayne aquifer in east Broward County 
(from Sherwood and others, 1973). 

Surface-water bodies mid the ground-water system in Broward County are sufficiently well 
connected so that surface-water levels and adjacent ground-water levels are comparable under 
most circumstances. Surface water and ground water are considered the visible and hidden compo
nents of a continuous water body. Therefore, the hydraulic head at the upper limit of the ground
water body may be mapped both from water-table wells and from surface-water staff gages or 
recorders. 

Ground-water level maps for the surficial aquifer system at the end of wet seasons and dry 
seasons are shown in figures 40 and 41, respectively. The maps represent 9-year monthly water lev
els for September (wet season) or for April (dry season). The maps portray average hydraulic head 
in the surficial aquifer system and the sustained hydraulic gradients available for moving ground 
water during the extreme seasonal conditions. Also, some areas of recharge and discharge and gen
eralized directions of flow may be interpreted from the maps, as shown by arrows in figure 40. 

The highest water levels in Browm^d County are maintained in the water conservation areas, 
particularly in north-central Browm^d County where the September average is 13.5 to 14 feet above 
sea level, and in the northeast were water pumped from Hillsboro Canal infiltrates from several 
canals to from a ground-water mound at 12.5 to 14 feet above sea level (Roy Reynolds, Broward 
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County Water Resources Management Division, oral commun., 1984). These are originating areas 
of flow systems, wherein ground water moves from recharge zones where levels are high to dis
charge zones where levels are low. Water levels of less than 4 feet occur in most of south-central, 
southeast and coastal northeast Broward County. In these low-water areas, especially in sandy 
areas, infiltration of rainfall is the principal source of recharge, although ground-water mounds do 
not appear at the scale of mapping and contour interval in figure 40. The lowest water levels are 
within the cones of depression formed around the major municipal well fields. The largest draw
down cones are those ofthe Fort Lauderdale Prospect well field and the Pompano Beach well field 
(fig. 40). Water levels in April (near the end of the dry season) range from 0 to 2 feet lower than 
those in September (end ofthe wet season) over most ofthe area, but declines greater than 2 feet 
occurred in the Fort Lauderdale Prospect well field and the Pompano Beach well field. 

Ground-water movement in the Biscayne aquifer has been usually considered in terms of 
generalized areal flow directions as shown in figure 40. However, the three-dimensional nature of 
ground-water circulation and the effects of canals on water levels and circulation patterns should 
be considered. 

Prior to canal construction, most ground water in east or south-central Broward County prob
ably move downward from the water table through sand (and perhaps some less-permeable beds) 
to cavernous limestones and sandstones at depths of 40 to 100 feet below land surface and 30 feet 
to more than 100 feet thick (figs. 16-18). Infiltrating water that reached this very highly permeable 
zone ofthe Biscayne aquifer, which is 100 to 1,000 times more permeable than overlying sands, 
could move long distances horizontally, perhaps as much as 20 miles, with relatively small head 
loss. Water would then move upward through sand or other materials to areas of discharge in the 
ocean, the Intracoastal Waterway, sloughs, or low swamp areas. This circulation pattern would 
likely be more efficient hydraulically than flow paths through the shallow materials of moderate to 
low permeability. 

Since cmial construction, cmials have had a major effect on ground-water levels and move
ment. Their prime function is drainage of ground water, although some canals, especially near well 
fields (for example, the Dixie and Prospect well fields, fig. 40), have become sources of infiltrating 
to the aquifer system. In most water-control districts (fig. 6), canals lessen peak water levels by pro
viding lower ground-water levels prior to storms and by providing efficient surface-water and 
ground-water drainage. The multiplicity of canals effectively "short circuits" much ofthe natural 
ground-water flow by allowing shorter flow paths, local discharge, and rapid movement away by 
canal rather than slower movement through the ground to more distant discharge zones. The water 
budget (fig. 39) shows that for an estimated 14.5 inches of water involved in ground-water flow, 
about 13.5 inches returned to canals for discharge to the ocean, but only 1 inch is discharged 
directly from the ground to the ocean. 

As an aid to understanding the effects of cmials on the aquifer, interpreting ground-water 
movement, and planning site investigations, canal-aquifer relations in Broward County may be 
conceptually divided into the following possible classes: 

• Losing—Canals or reaches of canals that lose (recharge) water to the surficial aquifer system. 

- Partially penetrating—Recharge is added to ground-water flow that passes underneath the 
canal. 

- Fully penetrating—The canal is a line source for ground-water movement away from the 
canal in both directions; there is no regional underflow. 
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• Gaining—Canals that collect water discharge from the surficial aquifer system and carry the 
water away. 

- Partially penetrating— Cmials that intercept only part of the ground-water flow; some 
ground water passes underneath the canal to more distant discharge areas. 

- Fully penetrating—The cmial is a line sing to ground-water flow. Although canals usually 
penetrate a small part ofthe surficial aquifer system, there is no underflow, and all flow 
is captured. 

• Cross flow—Canal or ditches usually blocked or controlled, which have a negligible effect 
upon the surficial aquifer system; ground water passes across or under the canals. 

However, except where the aquifer is highly stressed either by well fields in northeast Broward 
County or by ponding (water-conservation areas), water-level gradients are often so low and water 
levels of deep zones unavailable that classification of individual canal sites is difficult without fur
ther investigation. The peripheral canals of the water-conservation areas, which collect large 
amounts of seepage, are examples of sites where it is important to determine the ground-water flow 
pattern in more detail. Some underflow in the very highly permeable zone ofthe Biscayne aquifer 
is inferred in figure 40. 

The Predevelopment Flow System 

Circulation in the predevelopment ground-water flow system would have been controlled by 
differences in water level, by distance and direction from recharge areas to discharge areas, and by 
the permeability distribution of the surficial aquifer system. Topography would have played a sig
nificant role in generating water-level differences and sites of recharge and discharge. General 
interpretation of circulation in the predevelopment system may be based on the above factors. Con
cepts ofthe circulation may be either refined or supported by the three-dimensional water-quality 
characteristics of ground water in the surficial aquifer system. 

The two primary controls of natural water quality on the surficial aquifer system are 
geochemical reactions and the degree to which freshwater circulation has flushed out old saltwater. 
This salty water is relict from former high sea-level stands, when the sea inundated Browed 
County (Parker and others, 1955) and saltwater invaded the surficial aquifer system. A plot of dis
solved solids versus chloride concentration for water-quality data collected in this study is shown 
in figure 42. Also shown is the relation obtained by diluting seawater with pure water, using chlo
ride as an index ofthe percentage of seawater. The plot suggests that most ofthe seawater has been 
flushed out, and the mixed water is naturally similar to diluted seawater. Typically, the ground 
water has 350 to 550 mg/L (milligrams per liter) more dissolved solids than diluted seawater hav
ing the same chloride concentration. The additional dissolved solids are derived from geochemical 
reactions, primarily the solution of calcite. Only in waters with dissolved solids less than about 900 
mg/L (about two-thirds ofthe samples, excluding the modem saltwater intrusion samples) do prod
ucts of geochemical reactions dominate the chemistry of Broward County ground water (fig. 42). 
Hence, profiles of chloride concentrations or of specific conductance in Broward County ground 
water can be used to indicate the degree of flushing and relative activity of circulation at various 
depths in the surficial aquifer system. As with the relation between dissolved solids and chloride, 
there is also a close linear relation between specific conductance and chloride. Unflushed saltwater 
dominates the chemistry ofthe water above a specific conductance of a bout 1,250 • s/cm (micro
siemens per centimeter) and a chloride concentration of about 200 mg/L. 
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Figure 42. Relation between dissolved solids and chloride concentrations in ground-water 
samples from Broward County and apparent relation ofthe chemistry to dilute seawater. 
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Before the development of Broward County, the water levels ofthe natural hydrologic system 
were different than at present. The water levels in the region, now occupied by the Everglades 
Water-Conservation Areas, were somewhat lower. In fact, the Everglades frequently dried up sea
sonally. However, in most of east Broward County, before urbanization and the installation ofthe 
drainage canal system, water levels were higher than shown in figures 40 and 41, except for the 
recharge mound adjacent to the Hillsboro Canal in the northeast. The greatest differences between 
now and then likely occurred along the Atlantic Coastal Ridge (fig. 4), particularly in northeast 
Broward County. Recharge from summer rainfall would build up a ground-water ridge beneath the 
coastal ridge in Dade County was reported by Parker and others (1955, p. 211,212, and 227). Also, 
some evidence for ground-water mounding beneath the high ground in southeast Palm Beach 
County may be seen on a water-level may for November 1984, by Miller (1985), although the 
mounding probably is subdued compared to predevelopment conditions and shifted a few miles 
west due to effects of canals. In north Palm Beach County, the same map shows a broad northwest-
southeast trending ground-water high that also follows the topography. The coastal ground-water 
high probably existed for a longer time seasonally in Broward County than in Dade County because 
transmissivity is lower in northeast Broward County thmi in Dade County, and the top ofthe very 
highly permeable zone is deeper in Broward County. 

The presence of a coastal ground-water ridge would have a significant effect on flow in the 
predevelopment system. A conceptual ground-water flow pattern for such a system is shown in fig
ure 43a. Co incidentally, the highest land and highest ground-water levels occurred where the aqui
fer is thickest and of generally high permeability with little clay or lime mud. This would allow 
deep circulation that would gradually flush old saltwater (see hydrogeologic sections, figs. 15-18). 
Another important consequence of the seasonal ground-water ridge. In west Broward County, 
ground water probably moved to the southeast or south, generally similar to surface flow in the 
Everglades, rather than to the east (the shortest distance to a coastal discharge zone). 

Prior to urbanization and during normal dry seasons, the coastal groundwater ridge would 
gradually decay. Coastal water levels would decline mort rapidly than inland water levels due to 
proximity to discharge areas and generally higher transmissivity in the coastal area than inland. If 
the water table beneath the coastal ridge declined to a lower level than the water table inland. Water 
that had been moving westward would temporarily stagnate and then reverse direction so that all 
flow was either toward the coast or toward sloughs (fig. 43b). Such seasonally varying water-level 
and circulation patterns dominated by a coastal ground-water ridge would partly explain the occur
rence of freshwater with low chloride concentrations and low specific conductance deep under the 
coastal ridge (fig. 44a,b), and the occurrence of poorer quality water often found deep under inland 
areas located 5 to 15 miles from the coast, where residence times would have been longer and 
where flushing is less complete (fig. 44d,e). 

The permeability distribution has also affected circulation and flushing in east Broward 
County, as may be seen by comparing specific conductance profiles at various test sites with the 
permeability framework. The lower section ofthe surficial aquifer system is much less permeable 
than the middle section, particularly 5 to 15 miles inland (see figs. 17, 21, and 22). Gradients of 
increasing specific conductance with depth in some of the deep quartz and carbonate sand 
sequences, such as at the north Dixie well field and Plantation sites (fig. 44d,e; G-2345 and G-
2322, fig. 17), indicate less circulation has occurred there than in the very highly permeable zones 
above. At the north Dixie well-field site, layers of silt or clay a few inches or less thick are present 
and retard vertical circulation and flushing. However, the steep gradient in specific conductance 
begins in limestone at a depth of about 150 feet. This may indicate that some limestone beds have 
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low permeability or that upconing of poorer quality water is occurring. At some sites, a specific 
layer of low permeability has restricted flow to deeper, more permeable materials. For example, at 
the Miramar east site, a 20-foot thick layer of limestone from 120 to 140 feet below land surface 
has low permeability, which retards circulation and flushing in the underlying materials (fig 44f). 

At the coastal discharge part ofthe ground-water flow system, there is a freshwater-saltwater 
interface. However, the relatively low-water levels, shown if figures 40 and 41, suggest much salt
ier water might be expected in the deeper parts ofthe aquifer system beneath the coastal ridge than 
indicated by the specific conductance profiles at the Hallandale and Pompano Beach well-field 
sites (figs. 44a, b). Salty water does occur at the Snyder Park site (fig. 44c) where specific conduc
tance reaches 25,000 • s/cm, about half that of seawater. Aside from the dynamic rather than static 
characteristics of the flow system (Kohout, 1960; Kohout and Klein, 1967), three other possible 
explanations for the relatively deep occurrences of freshwater should be considered. A fourth 
explanation, that of downwM'd flow of freshwater in the borehole while pumping to collect the 
water samples, can be eliminated because samples from finished wells have verified the data col
lected during drilling, except fro one lithology not present in the coastal area. 

The first explanation attempts to relate the salinity profile to the present hydrology. It 
assumes that the saltfront is in an equilibrium position with the possible exception of coastal areas 
that are stressed by well-field pumpage. The explanation requires that there be beds having suffi
ciently low permeability at the Hallandale and Pompano Beach areas to confine flow at depth and 
to sustain higher hydraulic heads there than at the water to be derived from nearby upgradient areas. 
This concept might explain the Pompano Beach specific conductance profile because water moves 
toward the site from high ground-water levels to the west (figs. 40 and 41). However, it is because 
no areas of significantly higher water levels presently exist near that site. Also, test drilling indi
cates only minor beds having low permeability in the surficial aquifer system at either site. 

A second explanation considers the deep freshwater in some areas near the coast to be relict 
from the last major glacial period, the Wisconsin. During that glacial period, sea level was com
monly lower than at present in south Florida (Parker and others, 1955, p. 124). According to this 
concept, freshwater circulation would have displace seawater, at least in the coastal areas, and the 
freshwater-saltwater interface would be near a different shoreline, some distance (perhaps a few 
miles) east of the present shoreline. However, a prolonged period of flushing due to a lower sea 
level during the Wisconsin should have removed all the seawater from inland areas of east and 
south-central Broward County, but specific conductance profiles (fig. 44d-f) indicate that flushing 
is incomplete. Furthermore, vertical circulation near the coast should be very good because ofthe 
overall high permeability (as discussed in the "Hydrogeology" section) and the very few beds hav
ing relatively low permeability. Thus, for the present sea level and water-table conditions, saltwater 
should displace freshwater in a relatively short time compared to the length of time since the end 
ofthe last glaciation. Saltwater intrusion at the Snyder Park site (fig. 44c), where water levels are 
relatively low but have not been so affected by the development of Broward County as have been 
the Hallandale and Pompano Beach sites, may be an example of such a displacement. Therefore, it 
seems unlikely that the freshwater found beneath the coastal ridge is relict from glacial times. 

A third explanation for freshwater at unusual depths beneath the coastal ridge relates the 
freshwater profile to hydrologic conditions after sea level had risen to about its present position 
before development of Broward County. It also considers the effect of changing ground-water lev
els on the location and shape ofthe freshwater-saltwater interface. Before the development ofthe 
canal drainage system, ground-water levels along the coastal ridge were probably considerably 
higher than at present. This difference may have been several feet near Hallandale nad possibly 
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greater than 10 feet in northeast Broward County and where the coastal ridge exceeds and altitude 
of 15 feet (more than 20 feet in places) and the aquifer is less permeable than to the south. In cor
respondence with the higher water levels, the saltfront would have been farther seaward than with 
present water levels, and freshwater may have reached a depth of 600 feet or more beneath the 
coastal ridge. The salty water at the Snyder Park site (fig. 42, highest points; fig. 44c) occurs in a 
broad low area, having an altitude between 5 and 10 feet. The site is about 0.75 mile west ofthe 
coastal ridge, which is very narrow (only about 1,000 feet wide), and has an altitude of about 15 
feet in that area. Because the coastal ridge is much narrower near Snyder Park than it is to the north 
and south, it may not have had as much influence on predevelopment circulation patterns in the 
vicinity of Snyder Park. 

The occurrence of deep freshwater with a low-water table suggests that the saltfront may not 
be in a stable position, and that it may still be moving inland in response to decreases in head. Dur
ing transient conditions, the cross-sectional shape of the freshwater-saltwater interface could be 
complex wherein most rapid adv^icement may occur in the very highly permeable zone (which is 
also tapped for water supply), and slower advancement may occur in the less-permeable materials 
below that zone. At the Snyder Park site (fig. 44c) where the saltwater intrusion apparently is in 
progress, the transitions from freshwater to saltwater occurs primarily between 100 and 160 feet. 
Specific conductance reaches a maximum of about 25,000 • S/cm (about 50-percent seawater) 
between 260 and 310 feet and then decreases to about 18,000 • S/cm between 380 and 476 feet, the 
bottom ofthe test hole. The implication ofthe third explanation is that the freshwater beneath the 
coastal ridge in the deeper parts of the aquifer may be predevelopment in age, and that under 
present water-management practices, it may eventually be replaced by seawater. This interpretation 
appears to be supported by recent large increases in chloride concentration in observation wells 
east ofthe Hallandale and the Pompano Beach well fields (R.S. Sonenshein, U.S. Geological Sur
vey, oral commun., 1986) and by intrusion at Snyder Park. Additional investigation is needed to 
evaluate whether this concept adequately explains the occurrence of anomalous freshwater beneath 
the coastal ridge. 

The gray limestone aquifer ofthe Tamiami Formation in west Broward County is underlain 
and overlain by materials of lower permeability, although the overlying materials permit leakage 
from or to the Biscayne aquifer. The gray limestone aquifer extends to the north, west, and south 
into adjacent counties but grades eastward from the eastern edge of west Broward County into 
clayey limestone, clayey sand, ^id silt. These latter materials form a lithologic barrier (because of 
low permeability), with the possible exception of the northernmost Browed County area, which 
retards eastward movement of water from the gray limestone aquifer or westward movement from 
the middle part of the Tamiami Formation in east Broward County (fig. 45). Water levels in the 
aquifer at three sites along Alligator Alley appear to be about the same as those in the overlying 
Biscayne aquifer and the ponded water in the conservation areas, although measurements have not 
yet been made. 

Interpreted flow directions in the gray limestone aquifer (fig. 45) are believed to represent 
predevelopment ground-water movement, although present-day movement is probably similar. 
Water entered west Broward County by lateral movement from recharge areas at higher altitudes 
in Hendry County, northeast and north-central Collier County, and to a lesser degree, west Palm 
Beach County. This laterally moving water is part of a regional ground-water flow system, wherein 
water moves from those higher altitude ^eas to coastal dischm^ge zones. Movement of water in 
west Broward County was generally southward into Dade County and its southem coast, rather 
than eastward, because ofthe coastal ground-water ridge in Dade and Broward counties. Water also 
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very likely entered the gray limestone over a large area. Leakage would have occurred during the 
wet season and at least the early part of the dry season. The amount of leakage would vary areally 
according to local confining properties of overlying beds and according to local vertical hydraulic 
gradients. 

Water-quality data (Barbara Howie, U.S. Geological Survey, written commun., 1986) show 
greater dissolved solids or higher specific conductance in water in the gray limestone than in the 
Biscayne aquifer or other overlying materials that yielded water, and greater freshening of water 
(flushing out of old seawater) in the gray limestone to the south and west than to the north and east. 
These general water-quality characteristics may be observed in the selected specific conductance 
profiles (fig. 46a-f) for the surficial aquifer system and in the chloride concentrations at the top and 
bottom ofthe gray limestone aquifer (fig. 45). The degree of flushing may be most easily seen by 
comparing chloride concentrations at the bottom ofthe gray limestone. Along most ofthe Bro-
ward-Palm Beach County line, chloride exceeds 1,000 mg/L at the bottom ofthe gray limestone, 
indicating more than 5~percent relict seawater and approaches 10 percent at the Hillsboro Canal 
west site (PB-1428). The trend of increasing specific conductance and chloride (poorer quality 
water) to the north continues into southwest Palm Beach County (Parker and others, 1955, p. 811-
813; Scott, 1977; and W.L. Miller, U.S. Geological Survey, oral commun. 1984). This supports the 
interpretation that circulation decreases to the north because southwest Palm Beach County lies 
between tow areas having high ground water, the Atlantic Coastal Ridge and Hendry County, and 
because the distance to discharge areas is maximum. Low specific conductance and chloride in the 
southernmost and westernmost parts of west Broward County support the interpretation of more 
active circulation there. Water samples collected during recent test drilling revealed that the trend 
of low specific conductance water continues southward in northwest Dade County. In general, the 
presence of diluted relict seawater at depth in west Broward County is evidence that circulation is 
slow, and that the water is predominantly much older than the beginning of development in the 
area. An estimated rate of lateral movement of water in the gray limestone, ranging from about 30 
to 60 ft/yr, further indicates the antiquity ofthe water. 

The slope ofthe specific conductance profiles (fig. 46) or the change in chloride concentra
tion from top to bottom in the gray limestone aquifer (fig. 45), in some instances, indicates the 
source(s) ofthe water. In westernmost Broward County, the specific conductance is nearly uniform 
(vertical slope) from top to bottom, which implies virtually all lateral movement from Hendry 
County or Collier County and no leakage from above. This conclusion, on the basis of water qual
ity, agrees with the interpretation, on the basis of the hyc^aulic framework, in that leakage there 
should be the least of any tested area because of thick confining clays and lime mud. The decrease 
in slope from west to east, as shown by the sites along Alligator Alley (fig. 46b-e), and from south 
to north, the Broward-Palm Beach County line (fig. 45 and 46f), indicates an increasing percentage 
of the flow comes from local leakage downwrn^d from overlying fresher water. This also agrees 
with the interpretation on the basis ofthe hydraulic framework and water levels. 

SUMMARY 

In 1981, the U.S. Geological Survey, in cooperation with the South Florida Water Manage
ment District, begmi an investigation ofthe surficial aquifer system in Broward County, as part of 
a regional study ofthe system in southeast Florida. The purpose of this report is to ch^acterize the 
ground-water hydrology, including defining and delineating the surficial aquifer system and aqui
fers within it, to portray the permeability (hydraulic conductivity) framework ofthe surficial aqui-

64 Hydrogeology, Aquifer Characteristics, and Ground-Water Flow of the Surficial Aquifer System, Broward County, Fiorida 



80" 52 30 07'30" 

2e'» 15' 

07'30' 

26« -

fHALLANDALE 

r i f I 
s 

J L. 

10 MILES 
_ j 

—1 
10 KILOKCTERS 

EXPLANATION 
r y X / O ZONE OF LOW PERMEABILITY IN 
L ^ X N ] T H E TAMIAMI FORMATION 

- • • « INTERPRETED PREDEVELOPMENT FLOW DIRECTION 

_ 127 TEST WELL - - N u m b e r Is chlor ide concentrat ion 
550 in mi l l igrams per l i ter . Upper number is concen t ra t ion at 

top of gray l imestona aqu i fe r . Lower number is 
c o n c e n l r a t l o n a l b a s u o l g r a y l i m e s t o n e a q u i f e r . 

Figure 45. Chloride concentrations and predevelopment flow directions in the gray limestone aquifer of the Tamiami 
Formation, and a zone of low permeability east of the gray limestone aquifer in Broward County. 



( a ) Q - 2 3 3 3 

f 

c 

f 
O 

s 
t 

D. 
o 
3 
c 
3 
O. 

Q 
Z I -
< UJ 
_l UJ 

u. 

| 5 

°S 
Z l i . 
I - OC 
UJ (o 

o 

100 

200 

3 0 0 
IOO 

G R A Y 
L I M E S T O N E 

A Q U I F E R 
J \ L 

5 0 0 1 .000 

0 

t o o 

200 

( b ) Q -
1 

1 

2 3 2 8 

1 1 

' I 

0 

100 

200 

( c ) Q - 2 3 3 0 

1 1 

\I 
1 1 

1 

-

1 

5 0 0 1 .000 5 , 0 0 0 10 . SOO 1.000 5 .000 10.000 

L O C A T I O N OF S I T E S IN 
B R O W A R D C O U N T Y 

> 
C 

CA 

Dl 
O 

i 
—I a. 
n 
o 
3 
<" 
o 
a 
0) 

(d)G-2320 

IOO 

200 

( e ) a - 2 3 1 9 

• ' \ 

1 1 .. 

1 

1 
1 

500 1.000 5.000 10,000 ''00 

100 -

200 -

300 
SOO i.OOO S.OOO 10,000 ''"̂  

(f)G-2315 

500 1,000 5.000 10.000 

S P E C I F I C C O N D U C T A N C E . I N M I C R O S E I M E N S PER C E N T I M E T E R 

Figure 46. Depth profiles of specific conductance of ground water at selected sites in west Broward County. 
Also shown is the top and base of the gray limestone aquifer of the Tamiami Formation. 



fer system by hydrogeologic sections, to map the generalized transmissivity distribution, and to 
describe the general pattern of ground-water flow. The methods used were: (1) hydrogeologic test 
drilling; (2) aquifer testing of wells open to selected zones or lithologies; and (3) analyses of pre
viously available geologic logs, long-term water-level records, aquifer tests, Mid specific capacity 
tests of large supply wells. 

The surficial aquifer system in Broward County is defined as all materials from land surface 
to the top ofthe intermediate confining unit which confines the Floridan aquifer system. Ground
water circulation in the surficial aquifer system is driven by or closely related to the water table. 
The base ofthe surficial aquifer system (also top ofthe intermediate confining unit) in most places 
is the permeability contrast between slightly clayey sands in the lower part ofthe Tamiami Forma
tion and thick deposits of clay, silt, or sandy clay or silt, either in the upper part ofthe Hawthorn 
Formation or lowermost part ofthe Tamiami Formation. The surficial aquifer system, having mate
rials ranging more than about seven orders of magnitude of hydraulic conductivity, contains two 
aquifers with an intervening semiconfining bed, which is mostly clayey sand. 

The definition ofthe Biscayne aquifer is refined to include permeability and thickness crite
ria. The Biscayne aquifer is that part of the surficial aquifer system composed of Pamlico Smid, 
Miami Oolite, Anastasia Formation, Key Largo Limestone, Fort Thompson Formation, and con
tiguous subjacent highly permeable limestone or sandstone of the Tamiami Formation where at 
least 10 feet ofthe section is very highly permeable (horizontal hydraulic conductivity of about 
1,000 ft/d or more). The delineation of the Biscayne aquifer differs from previous work in that less 
of northwest and north-central Broward County are included within the area ofthe aquifer, and the 
aquifer is substantially thicker near the coast. The upper part ofthe Biscayne aquifer is composed 
primarily of quartz sand in the east and dense limestone, peat, and lime mud in sand in the west; 
the lower part is a highly to very highly permeable zone of limestone and calcareous sandstone that 
have abundant solution cavities and some interbedded sand. Hydraulic conductivities ofthe highly 
permeable zone ofthe Biscayne aquifer may exceed 10,000 ft/d. 

The gray limestone aquifer is defined as that part of the limestone beds in the lower and 
locally the middle part ofthe Tamiami formation that are highly permeable (hydraulic conductivity 
of about 100 ft/d or more) and at least 10 feet thick. Lateral changes of this limestone to less-per
meable clayey, sandy limestone or carbonate sand are excluded from the aquifer, but depths 
between 20 mid 100 feet below sea level in west Broward County, and it extend to between 102 
and 170 feet below sea level. Calculated hydraulic conductivities in the gray limestone aquifer 
range from 590 to 930 ft/d for most ofthe aquifer, but the poorly consolidated upper part in north
west Broward County is less permeable. 

Materials ranging from moderate to very low permeability occur within semiconfining beds 
separating or underlying the aquifers of the surficial aquifer system and as less permeable layers 
within the aquifers, especially the Biscayne aquifer. On the basis of two permeability tests and val
ues reported in the literature, most ofthe relatively clean sands found in Broward County would be 
moderately permeable, having hydraulic conductivities of about 30 to 100 ft/d. Clayey or silty 
sands, which are common in the inter\'al that separates the Biscayne aquifer from the gray lime
stone aquifer ^id as the basal unit ofthe surficial aquifer system throughout the area, are less per
meable. Silt, clay, and mixtures of lime mud, shell, and sand form even less-permeable layers in 
the system, especially in the semiconfining unit that overlies the gray limestone aquifer in west 
Broward County, and have hydraulic conductivities that generally range from about 0.001 to 1.000 
ft/d. Many types of limestone in the area also have relatively low permeability. 
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Analysis of test drilling, specific capacities, and pumping tests indicates that transmissivity 
ofthe surficial aquifer system is locally variable but has a definite areal pattern. Transmissivity in 

'y 

south-central, southeast, and part of northeast Broward County generally exceeds 300,000 ft /d and 
may exceed 1,000,000 ft/d in the southeastern coastal area of Hallandale and Hollywood. Trans-
missivity rapidly decreases to less than 75,000 ft/d over a large area in northwest and north-central 
Broward County. In areas with high transmissivity, most ofthe transmissivity occurs in the cavern
ous zone of the Biscayne aquifer. Transmissivity of the gray limestone aquifer in west Browed 
County ranges from about 20,000 to 88,000 fr/d. In northwest Broward County, the gray limestone 
aquifer may have higher transmissivity than overlying limestone beds ofthe Fort Thompson For
mation and upper part ofthe Tamiami Formation. 

Circulation in the ground-water flow system is likely to be different in some respects after 
development ofthe ara because water levels, distance to discharge areas, and patterns of recharge 
have changed. Features of the water-management system that affect circulation include canals, 
drainage districts, irrigation or artificial recharge areas, water-conservation areas, pumping sta
tions, control structures on canals, and well fields. Canals quickly remove much ground water dur
ing storms, greatly shortening ground-water flow paths compared to predevelopment conditions. 
However, it is frequently unclear whether canals act as fully penetrating boundaries, thereby divid
ing the system into many independent flow cells, or as partially penetrating boundaries of flow sys
tems. Coastal water levels have been lowered, the threat of saltwater intrusion into coastal well 
fields a serious concem. The anomalous occurrence of freshwater to depths of several hundred feet 
below the coastal ridge, where water levels are generally less than 2 feet above sea level, suggests 
that the saltfront in not at an equilibrium position and that the surficial aquifer system. Under the 
present conditions of development, south and generally similar to the interpreted predevelopment 
pattern. Locally, differences may occur due to the drainage by the major canals (such as the Miami 
Canal), differences in water level between water-conservation areas, and underflow along the east-
em edge ofthe water-conser\'ation areas. 

Prior to alterations ofthe hydrologic system by man, the likely development of a wet-season 
ground-water ridge under the topographic coastal ridge in east Broward County may have caused 
seasonal, deep, downw^d, and westward movement of ground water; flooding ofthe Everglades 
and of swamps in the Sandy Flatlands; and southward movement of ground water in west Broward 
County. The natural water-quality characteristics of Broward County are primarily related to the 
flushing of old seawater from the aquifer by circulation of fresh ground water prior to development 
and to solution of calcite. Circulation in the predevelopment ground-water flow system was con
trolled by water levels (such as the coastal ground-water ridge), distance to discharge areas, pattern 
of recharge, and by the permeability framework of the surficial aquifer system. On the basis of 
these controls during predevelopment conditions, water apparently entered the gray limestone 
aquifer in Broward County by lateral movement from upgradient areas in Hendry, Collier, and 
Palm Beach Counties mid by downward le^age from overlying sediments and the Everglades. 
Ground-water movement was to the south into Dade County and to coastal discharge areas. The 
hydrologic interpretations are supported by the natural water-quality pattern areally and vertically 
in the surficial aquifer system. 
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Table 2. Owners, construction details, and hydraulic data for large supply wells in Broward County 

[See figure 9 for location of sites; Site name: BCCE, Broadway Country Club Estates; BCCl, Broward County 
Correction Institute; BCU, Broward County Utility; CCTR Cypress Creek Trailer Park; DATP, Driftwood Acres 
Trailer Park; FL-F, Fort Lauderdale-Fiveash; PB-R Pompano Beach-Palmaire; SCU, South Canal Utility, Inc. 
Finish: OH, open hole; S, screen. Inch-pound units: diameter, in inches; production interval, in feet below land 
surface; discharge, in gallons per minute; drawdown, in feet; pumping period, in hours; specific capacity, in 
gallons per minute per foot; estimated transmissivity, in feet squared per day (270 x specific capacity). USGS, 
U.S. Geological Survey] 

Site 
n a m e 

HaUandale 

do. 

do. 

M a p 
u u m 
-ber 

1 

2 

3 

Owu-
er ' s 
well 
u u m 

-ber 

7 

E 

1 

2 

3 

4 

5 

6 

USGS 
supply 

well 

n u m b e r 

S-1537 

S-2157 

S-1531A 

S-1534A 

S-1535 

S-1536 

S-1532A 

S-1533A 

Lat i 
tude 

2559 

2559 

2559 

2559 

2559 

2559 

2559 

2559 

Long
i tude 

8009 

8009 

8009 

8009 

8009 

8009 

8009 

8009 

Dia
me
t e r 

18 

20 

10 

10 

10 

12 

12 

12 

Fin
ish 

S 

S 

s 

s 

s 

s 

s 

s 

Pro-
due-
tiou 

inter

val 

72-87 

101-107 

59-83 

60-82 

62-82 

51-68 

51-70 

51-70 

Dis
charge 

2,500 

3,600 

1,000 

1,000 

1,529 

1,045 

1,050 

1,060 

Diaw-
down 

0.8 

.8 

.5 

.4 

2 

2 

2 

2 

P u m 
ping 
per

iod 

8 

Spe
cific 
capa
city 

3,100 

4,500 

2,000 

2,500 

770 

520 

530 

530 

Es t im
ated 

t r a n s 
missi

vity 

840,000 

1,200,000 

540,000 

680,000 

210,000 

140,000 

140,000 

140,000 

BCU 
District 3B 

4 1 

2 

3 

4 

S-2141 

S-1493 

S-2142 

S-2143 

2558 

255S 

2558 

2558 

8011 

son 

8011 

8010 

do. 

do. 

- - 1 0 0 

- - 1 0 0 

- - 1 3 0 

102-140 2,100 

BCU 
District 3C 

5 1 

2 

3 

S-2144 

S-2145 

S-2146 

2559 

2559 

2559 

8013 

8013 

8013 

4 

6 

10 

- - 8 0 

50-57 

73-80 

Hollywood 

2 

3 

1 

6 

7 

8 

9 

2 

3 

4 

5 

A 

B 

C 

D 

E 

F 

G 

H 

16 

17 

S-2145 

S-2146 

S-1494 

S-2222 

S-2223 

S-2224 

S-2225 

S-2218 

S-2219 

S-2220 

S-2221 

S-1366 

S-1367 

S-1523 

S-1524 

S-2153 

S-2154 

S-2155 

S-2156 

S-2168 

S-2169 

2559 

2559 

2558 

2559 

2559 

2559 

2559 

2558 

2558 

2558 

2558 

2602 

2602 

2602 

2602 

2602 

2602 

2602 

2602 

2600 

2600 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8009 

8009 

8009 

8009 

8009 

8009 

8010 

8010 

8010 

8010 

6 

10 

6 

12 

12 

8 

8 

6 

8 

8 

10 

12 

12 

12 

12 

12 

12 

18 

18 

14 

14 

50-57 

73-80 

100-110 

100-109 

100-109 

100-109 

100-109 

100-110 

100-110 

100-110 

110-120 

^93-93 

- - 9 3 

100-110 

110-120 

^88-88 

100-112 

2,000 

700 

700 

1,140 

1,140 

1.9 

2.0 

2.0 

1.2 

.5 

6 

5 

5 

6 

6 

1,100 

350 

350 

950 

2,300 

280,000 

95,000 

95,000 

260,000 

620,000 

6 5 - -

6 9 - -

118-123 

58-70 

71 



Table 2. Owners, construction details, and hydraulic data for large supply wells in Broward County ~ Continued 

Site 
n a m e 

Own-
M a p e r ' s 
n n m well 
-ber n u m 

-ber 

USGS 
supply 

well 
numbet ' 

LaH-
tude 

Long
i tude 

Dia
m e 
ter 

Fin
ish 

P r o 
duc
tion 

inter
val 

cbarge 
Diaw-
duwu 

P u m 
ping 
per
iod 

Spe
cific 

capa
city 

vity-

Hollywood 
(cont 'd) 

do. 

Modem 
Pollution 

Pembroke 
Pines 
Plant 1 

19 

20 

21 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

^11 

^12 

^ 3 

^14 

^15 

22 

24 

26 

S-2171 

S-2172 

S-2173 

S-332 

S-333 

S-334 

S-335 

S-2158 

S-2159 

S-2160 

S-2161 

S-2162 

S-1496 

S-2163 

S-2164 

S-2165 

S-2166 

S-2167 

2600 

2601 

2601 

2600 

2600 

2600 

2600 

2500 

2600 

2600 

2600 

2600 

2600 

2600 

2600 

2600 

2600 

2600 

2600 

2600 

2600 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8010 

8011 

8010 

8010 

14 

24 

24 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

10 

12 

10 

12 

10 

12 

10 

12 

10 

20 

20 

20 

O H 

OH 

O H 

S 

S 

S 

S 

O H 

OH 

OH 

OH 

O H 

OH 

OH 

O H 

OH 

OH 

OH 

OH 

OH 

65-69 

60-75 

59-75 

55-67 

53-65 

53-65 

53-70 

53-70 

52-65 

55-68 

110-125 

54-67 

52-65 

53-65 

115-130 

53-65 

140-149 

53-65 

115-130 

38-65 

143-152 

53-65 

111-120 

59-75 

59-75 

53-80 

2,800 

4,200 

2,400 

2,400 

3,600 

5 

4 

2.5 

2.5 

1.4 

560 150,000 

1,050 280,000 

960 

950 

2,600 

250.000 

250,000 

690.000 

BCU 
District 3A 

13 1 

2 

3 

S-1488 

S-1489 

S-2139 

2503 

2503 

2503 

8011 

8011 

8011 

12 

10 

12 O H 

- - 5 0 

- - 5 0 

60-65 

700 .8 

540 

880 

930 

150,000 

240,000 

250,000 

15 

2 

1 

S-2230 

S-1497 

2602 

2501 

8014 

8013 

12 

10 

OH 131-150 

- -200 

Pembroke 
Pines 
Plant 2 

2 

3 

1 

S-2103 

S-2104 

S-2105 

2500 

2500 

2600 

8013 

8013 

8014 

10 

10 

12 

S 

O H 

70-111 

105-111 

105-113 1,500 150,000 
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Table 2. Owners, constmction details, and hydraulic data for large supply weUs in Broward Coimty ~ Continued 

Site 
n a m e 

Soulh Florida 
State Hospital 

Cooper Cify\ 
West 

South 
Broward 
Utility 
Conipany 

Holly Lake 
Utility 

Femcrest 
Utilities 

Sumise 
System 2 

Own-
M a p er ' s 
n u m well 
-ber n u m 

-ber 

USGS 
supply 

well 
n u m b e r 

Lat i 
tude 

Long
i tude 

Dia
me
ter 

Fin
ish 

Pro 
duc
tion 

inter
val 

Dis
charge 

P u m -
Draw- ping 
down per

iod 

Spe
cific 
capa-
citj 

S-2231 

S-2232 

2600 

2600 

8015 

8015 

70-120 

111-118 

1 

2 

3 

S-2110 

S-2111 

2603 

2603 

2603 

8018 

8018 

8018 

12 

12 

OH 

OH 

67-76 

92-108 

2,300 

820 

1,225 

1.9 

.5 

1.3 

2 

3 

4 

5 

6 

7 

S-2090 

S-2091 

S-2092 

S-2093 

S-2094 

S-2095 

2605 

2605 

2605 

2605 

2605 

2605 

8015 

8015 

8015 

8015 

8015 

8015 

12 

12 

12 

12 

12 

12 

S 

S 

S 

S 

S 

S 

- -102 

- -102 

- -102 

- -102 

- -102 

- -102 

Est im
ated 

t r ans -
mis^i-
vilv 

Pembroke 

Pines 
Plant 2 
(cont'd) 

2 

3 

4 

5 

S-1455 

S-2106 

S-2107 

2600 

2600 

2600 

2600 

8014 

8014 

8014 

8014 

12 

12 

16 

15 

OH 

OH 

OH 

OH 

105-112 

106-111 

114-144 

103-115 

500 

1,500 

2,100 

3,000 

.9 

1.5 

11.5 

4.4 

2 

12 

560 

940 

180 

680 

150,000 

250,000 

49,000 

180.000 

Cooper City 
East 

19 1 

2 

3 

S-1498 

S-2108 

S-2109 

2603 

2603 

2603 

8016 

8016 

8016 

10 

10 

12 

OH 

OH 

- - 1 1 4 

- - 8 2 

- - 8 5 

700 

825 

1.2 

1.5 

580 

490 

160,000 

130,000 

1,200 320,000 

1,500 440,000 

940 250,000 

2 

3 

1 

2 

1 

2 

1 

2 

3 

4 

1 

2 

3 

4 

S-2088 

S-2089 

S-2201 

S-2202 

S-2203 

S-1499 

S-2204 

S-2205 

S-2206 

2602 

2602 

2601 

2601 

2600 

2600 

2605 

2604 

2605 

2605 

2604 

2604 

2604 

2604 

8021 

8021 

8025 

8025 

8026 

8026 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

12 

12 

5 

5 

8 

8 

5 

4 

8 

8 

10 

10 

12 

OH 

OH 

S 

s 

OH 

OH 

OH 

OH 

42-50 

40-50 

60-80 

55-76 

42-100 

42-100 

- - 8 9 

- - 8 7 

- - 8 9 

- - 9 0 

100-110 

100-110 

133-150 

125-140 

1,000 

400 

120 

125 

1,075 

900 

3.1 

.9 

9.1 

7.5 

5.4 

2.3 

.5 

.75 

8 

8 

320 

440 

13 

15 

200 

390 

86,000 

120,000 

3,500 

4,500 

54,000 

110,000 

73 



Table 2. Owners, constmction details, and hydraulic data for large supply wells in Broward County ~ Continued 

Site 
n a m e 

Fort 
Lauderdale 
Dixie 

do. 

Broadview 
Park Water 
Company 

Own-
M a p e r ' s 
n u m well 
-ber n u m 

-ber 

USGS 
supply 

well 
n u m b e r 

Lat i 
tude 

Long
i tude 

Dia
m e 
ter 

Fin
ish 

P r o 
duc
tion 

inter
val 

cbarge 
Diaw-
(luwu 

P u m 
ping 
per
iod 

Spe
cific 

capa
city 

vity-

Bonaventure 

Flamingo 

BCU 

27 

28 

29 

1 

2 

1 

1 

S-2096 

S-2087 

S-1507 

S-1504 

2607 

2507 

2509 

2507 

8022 

8022 

8010 

8011 

8 

8 

8 S 

7 0 - -

70-68 

63-74 

- - 1 0 0 

450 1.3 .25 350 95,000 

2 

3 

4 

5 

6 

7 

8 

9 

10 

24 

25 

26 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

S-363 

S-364 

S-365 

S-2039 

S-2040 

S-368 

S-2041 

S-919 

S-920 

S-2011 

S-2012 

S-2013 

S-2116 

S-1502 

S-951 

S-952 

S-953 

S-954 

S-955 

S-956 

S-957 

S-2007 

S-2008 

S-2009 

S-2010 

2506 

2506 

2506 

2606 

2606 

2506 

2506 

2507 

2607 

2606 

2606 

2606 

2506 

2606 

2506 

2606 

2506 

2505 

2505 

2505 

2505 

2506 

2506 

2506 

2505 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8011 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

12 

12 

12 

12 

12 

12 

12 

12 

12 

10 

10 

10 

12 

12 

12 

12 

12 

12 

12 

12 

12 

10 

10 

10 

10 

OH 

OH 

O H 

OH 

OH 

S 

O H 

S 

s 

OH 

OH 

OH 

O H 

OH 

S 

s 

s 

s 

s 

s 

s 

OH 

OH 

OH 

OH 

110-125 

110-125 

110-125 

87-99 

181-189 

110-125 

89-104 

110-125 

82-148 

89-115 

89-115 

89-114 

85-130 

110-126 

110-125 

110-125 

110-125 

110-125 

110-125 

110-125 

110-125 

89-115 

87-114 

89-115 

87-114 

400 

567 

530 

818 

644 

688 

455 

750 

580 

555 

360 

839 

350 

424 

2.0 18.0 

1.97 

7.74 

4.25 

2.13 

.83 

2.74 

2.25 

LauderhiU 

2 

3 

1 

2 

3 

4 

5 

6 

7 

1 

S-2137 

S-2138 

S-2112 

S-1508 

S-2113 

S-2114 

S-2115 

S-2120 

2505 

2505 

2510 

2510 

2510 

2510 

2510 

2610 

2610 

2609 

8013 

8013 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8013 

12 

12 

12 

12 

12 

12 

20 

20 

20 

8 

S 

S 

O H 

S 

s 

s 

s 

70-100 

107-110 

72-100 

70-100 

89-100 

76-100 

84-100 

49-69 

55-75 

- - 1 1 7 

1,550 

1,250 

2,100 

2,100 

2,100 

3.8 

1.1 

7.3 

5.5 

5.5 

129 

54,000 

41,000 

259 

106 

152 

323 

73,000 

29,000 

41.000 

89.000 

50,000 

32,000 

650 170,000 

408 110.000 

430 120,000 

306 83,000 

156 42,000 

410 110,000 

1,100 310,000 

290 78,000 

380 110,000 

380 110,000 
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Table 2. Owners, constmction details, and hydraulic data for large supply wells in Broward Coimty ~ Continued 

Site 
n a m e 

LauderhiU 
(cont'd) 

M a p 
n u m 
-ber 

Own
er ' s 
well 
n u m 
-ber 

2 

USGS 
supply 

well 
n u m b e r 

Lat i 
tude 

Long
i tude 

Dia
me
ter 

Fin
ish 

Pro 
duc
tion 

inter
val 

Dis
charge 

P u m -
Draw- ping 
down per

iod 

Spe
cific 
capa
city 

Est im
ated 

t r ans -
mis^i-
vilv 

Plantation 

do. 

Sutirise 
system 

Coral Ridge 
Country Club 

BCU 
District I B 

40 

3 

4 

5 

6 

7 

8 

29 

^10 

11 

1 

2 

^3 

4 

5 

6 

7 

S-2122 

S-2123 

S-2124 

S-2125 

S-2126 

S-2133 

S-2134 

S-2135 

S-2127 

S-2128 

S-2129 

S-1505 

S-2130 

S-2131 

S-2132 

2609 

2609 

2609 

2609 

2609 

2607 

2607 

2607 

2607 

2607 

2607 

2607 

2607 

2607 

2607 

2607 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8013 

8014 

8014 

8014 

8014 

8014 

8014 

8014 

12 

12 

24 

24 

24 

12 

12 

18 

12 

18 

20 

8 

8 

8 

8 

8 

12 

8 

8 

S 

S 

S 

S 

S 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

- - 1 5 4 

- - 9 0 

- - 1 1 5 

- - 1 2 1 

127-142 

70-74 

65-80 

83-86 

65-80 

84-90 

74-118 

75-85 

100-110 

50-58 

55-55 

80-90 

68-74 

85-95 

75-85 

2,000 

1,000 

1,350 

1,300 

1,300 

1,350 

2,100 

1,625 

1.1 

.5 

1.4 4 

2.5 

2.2 

1.4 

1.2 

1.8 

1,800 

1,700 

1 970 

520 

590 

970 

1,800 

900 

470,000 

460,000 

260,000 

140,000 

160,000 

260,000 

470,000 

240,000 

Gulf Stream 
Utilities 

37 1 

2 

3 

4 

S-2082 

S-2083 

S-2084 

S-2085 

2607 

2607 

2607 

2607 

8016 

8016 

8016 

8016 

12 

12 

15 

15 

OH 

OH 

OH 

OH 

94-99 

101-117 

95-100 

93-96 

700 

700 

2,340 

3,100 

9.0 

1.8 

3.3 

3.4 

6 

6 

78 

390 

710 

910 

21,000 

110,000 

190,000 

250,000 

S-1457 

S-1503 

S-2097 

S-2098 

S-2099 

S-2100 

S-2101 

S-1325 

2607 

2607 

2607 

2607 

2607 

2607 

2607 

2610 

8019 

8019 

8019 

8018 

8018 

8018 

8018 

8007 

68-75 

67-75 

58-52 

70-75 

64-69 

66-70 

64-56 

85--

1,000 

1,000 

15.6 

13.6 

2 

3 

1 

2 

1 

2 

3 

S-1405 

S-1405A 

S-1414A 

S-1414 

S-2117 

2610 

2610 

2612 

2612 

2612 

2612 

2612 

8007 

8007 

8008 

8008 

8008 

8008 

8008 

12 

12 

5 

4 

5 

6 

8 

OH 

OH 

85 

78-88 

68-58 

- -203 

103-110 

103-110 

102-115 

64 17,000 

74 20,000 

75 



Table 2. Owners, constmction details, anc 

Site ^^^P 
n u m 

n a m e 
-ber 

BCU 
District IB 
(cont'd) 

^ • ^ ^ 42 
Distnct IC 

FL-F 
Executive 43 
Airport 

do. 44 

do. 45 

FL-F new 46 
well field 

FL-F 47 
Prospect Lake 

Own
e r ' s 
well 
n u m 
-ber 

4 

5 

1 

2 

2 

3 

4 

5 

12 

13 

14 

15 

16 

23 

17 

18 

19 

20 

21 

22 

24 

35 

36 

37 

38 

39 

40 

41 

42 

25 

26 

27 

USGS 
supply 

well 
n u m b e r 

S-2118 

S-2119 

S-1443 

S-1370 

S-1289 

S-1290 

S-1291 

S-1292 

S-1293 

S-1294 

S-1295 

S-1296 

S-1297 

S-2014 

S-2015 

S-2016 

S-2017 

S-2018 

S-2019 

S-2025 

S-2020 

S-1509 

S-2021 

S-2022 

S-2023 

S-2024 

S-2026 

S-2037 

S-2038 

S-2027 

S-2028 

S-2029 

Lat i 
tude 

2512 

2512 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2512 

2512 

2512 

2512 

2512 

2611 

2611 

2612 

2611 

2611 

2611 

2612 

2611 

2611 

2 6 U 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

2611 

hydraulic 

Long
i tude 

8008 

8008 

8008 

8009 

8009 

8010 

8010 

8009 

8009 

8009 

8009 

8009 

8009 

8009 

8009 

8009 

8009 

8009 

8010 

8010 

8010 

8010 

8010 

8011 

8010 

8010 

8010 

8011 

8011 

8011 

8011 

8011 

8011 

8011 

8011 

8011 

8011 

8011 

data for large supply wells in Broward County -

Dia
m e 
ter 

8 

8 

8 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

Fin
ish 

OH 

S 

s 

s 

s 

s 

s 

s 

s 

O H 

O H 

O H 

OH 

OH 

O H 

OH 

OH 

O H 

O H 

OH 

O H 

O H 

OH 

O H 

O H 

OH 

OH 

O H 

OH 

OH 

O H 

OH 

O H 

O H 

P r o 
duc
tion 

inter
val 

102-115 

103-110 

104-108 

- -108 

120-132 

113-125 

100-112 

110-125 

104-116 

118-130 

116-128 

113-125 

113-125 

133-152 

100-115 

79-94 

85-100 

115-131 

75-90 

68-80 

110-125 

64-79 

61-76 

61-76 

60-75 

110-125 

68-80 

70-96 

81-99 

82-98 

82-102 

85-98 

62-90 

82-95 

82-91 

112-150 

105-144 

100-120 

Dis
charge 

500 

600 

600 

2,220 

750 

850 

1,450 

2,100 

760 

700 

780 

2,040 

2,178 

2,175 

P u m -
Diaw- ping 
donn per

iod 

1.5 

1.5 

1.5 

17.7 48 

.35 1.0 

.52 1.0 

1.0 1.0 

1.52 3.5 

.4 1.0 

.4 1.0 

1.0 1.0 

5.8 48 

5.5 48 

5.4 48 

Continued 

Spe
cific 

capa
city 

330 

400 

400 

130 

2.140 

1,630 

1,450 

1,380 

1.900 

1.800 

780 

350 

340 

400 

Est im
ated 

t r a n s -
missi-
vity-

89,000 

110,000 

110,000 

35,000 

600,000 

440,000 

390,000 

370,000 

510,000 

490,000 

210.000 

95,000 

92,000 

110,000 
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Table 2. Owners, constmction details, and hydraulic data for large supply wells in Broward Coimty ~ Continued 

Site 
n a m e 

Own-
M a p er ' s 
n u m well 
-ber n u m 

-ber 

USGS 
supply 

well 
n u m b e r 

Lat i 
tude 

Long
i tude 

Dia
me
ter 

Fin
ish 

Pro 
duc
tion 

inter
val 

P u m -
Dis- Draw- ping 

charge down per
iod 

Spe-

city 

Est im-

t rans -

FL-F 
Prospect Lake 
(cont'd) 

28 2,190 

BCCE and 
Broadview 
Utility 

29 

30 

31 

32 

33 

34 

CC-1 

S-2031 

S-2032 

S-2033 

S-2034 

S-2035 

S-2036 

S-1510 

2612 

2612 

2612 

2612 

2611 

2611 

2612 

8011 

8011 

8012 

8012 

8012 

8012 

8012 

17 

17 

17 

17 

17 

17 

12 

OH 

OH 

OH 

OH 

OH 

OH 

86-116 

90-109 

80-100 

82-103 

80-101 

75-90 

2,140 

2,130 

2,200 

2,200 

2,225 

2,200 

4.5 

5.0 

2.2 

4.2 

3.38 

3.7 

480 

430 

1,000 

520 

658 

600 

130,000 

120,000 

270,000 

140,000 

180,000 

160,000 

North 
Lauderdale 

Sumise 
System 1 

do. 

Pompano 
Beach 

U-1 

2 

3 

1 

2 

3 

1 

3 

7 

2 

4 

8 

9 

5 

5 

2 

3 

4 

5 

10 

11 

12 

13 

14 

15 

15 

2 

3 

4 

5 

S-2228 

S-2226 

S-2227 

S-2233 

S-2234 

S-2235 

S-2062 

S-2001 

S-2002 

S-2063 

S-2064 

S-2067 

S-2068 

S-2065 

S-2066 

S-2069 

S-2070 

S-2071 

S-2072 

S-2077 

S-2078 

S-2004 

S-2079 

S-2003 

S-2080 

S-2081 

S-2043 

S-998 

S-1514 

S-2044 

2612 

2612 

2612 

2613 

2612 

2612 

2611 

2611 

2611 

2611 

2612 

2611 

2612 

2612 

2612 

2610 

2610 

2610 

2610 

2610 

2610 

2610 

2610 

2610 

2610 

2610 

2614 

2614 

2614 

2614 

8012 

8012 

8012 

8013 

8013 

8013 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8015 

8007 

8007 

8007 

8007 

12 

12 

12 

24 

24 

24 

12 

12 

i : 

12 

12 

12 

12 

12 

12 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

15 

15 

16 

16 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

98-112 

105-115 

106-129 

105-128 

103-126 

112-126 

109-115 

111-125 

101-112 

101-110 

105-123 

108-115 

102-117 

102-109 

110-115 

70-106 

91-104 

93-112 

80-84 

84-91 

80-86 

80-84 

84-90 

83-87 

84-88 

- -136 

- -107 

- -140 

97-108 

2,500 

1,000 

1,000 

840 

560 

730 

790 

510 

590 

710 

540 

590 

1,140 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1.000 

1,300 

21 

10 

15 

6.5 

22.8 

6.1 

12.3 

28.8 

16.8 

19.5 

32.9 

30.5 

12.7 

15.6 

12.7 

12.5 

7.7 

12.4 

9.1 

13.2 

12.5 

12.5 

10.3 

5.8 

3.3 

2.1 

4.7 

2 

3 

2 

23 

12 

12 

12 

12 

12 

12 

12 

12 

12 

120 

100 

67 

,130 

25 

120 

64 

21 

35 

35 

20 

6,200 

90 

64 

79 

79 

130 

81 

110 

75 

79 

80 

97 

390 

32,000 

27,000 

18,000 

35,000 

6,800 

32,000 

18,000 

5.700 

9,500 

9,700 

5,400 

24,000 

17,000 

21,000 

21,000 

35,000 

22,000 

30,000 

21,000 

21,000 

22,000 

26,000 

110,000 
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Table 2. Owners, constmction details, and hydraulic data for large supply wells in Broward County ~ Continued 

Site 
n a m e 

Own-
M a p e r ' s 
n u m well 
-ber n u m 

-ber 

USGS 
supply 

well 
n u m b e r 

Lat i 
tude 

Long
i tude 

Dia
m e 
ter 

Fin
ish 

P r o 
duc
tion 

inter
val 

charge 
Diaw-
duwu 

P u m 
ping 
per
iod 

Spe
cific 

capa
city 

vity-

Pompano 
Beach 
(cont'd) 

97-131 1,500 75,000 

do. 

do. 

PB-P 

ColUer City 

Margate 
Utihties 

Coral Springs 
Improvement 
District 

Deerfield 
Beach 

56 

57 

58 

59 

60 

61 

62 

10 

11 

1 

8 

H 

7 

12 

13 

14 

15 

16 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 

1 

2 

3 

9 

S-2049 

S-2050 

S-340 

S-2047 

S-2045 

S-2046 

S-2051 

S-2052 

S-2053 

S-2054 

S-2055 

S-1512 

S-2207 

S-2208 

S-1513 

S-2209 

S-2210 

S-2211 

S-2212 

S-2213 

S-2214 

S-2215 

S-2216 

S-2217 

S-2059 

S-2060 

S-2061 

S-2174 

S-1518 

S-2175 

S-2181 

2514 

2514 

2613 

2614 

2515 

2515 

2615 

2615 

2515 

2515 

2515 

2513 

2514 

2614 

2514 

2514 

2514 

2514 

2614 

2514 

2514 

2614 

2614 

2614 

2514 

2514 

2514 

2614 

2614 

2614 

2519 

2619 

2619 

2519 

8007 

8007 

8007 

8007 

8007 

8007 

8007 

8007 

8007 

8007 

8007 

8010 

8010 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8012 

8015 

8015 

8015 

8015 

8015 

8006 

8006 

8005 

8005 

16 

16 

12 

16 

16 

14 

16 

16 

16 

16 

18 

18 

15 

6 

8 

12 

12 

12 

12 

12 

18 

18 

18 

18 

18 

8 

8 

8 

8 

8 

8 

12 

12 

12 

OH 

O H 

OH 

OH 

OH 

O H 

O H 

O H 

OH 

O H 

O H 

O H 

OH 

S 

OH 

OH 

O H 

OH 

OH 

O H 

O H 

OH 

S 

s 

s 

s 

s 

OH 

O H 

OH 

O H 

93-113 

88-127 

180-193 

90-99 

- -115 

160-165 

90-90 

90-123 

115-115 

114-114 

115-140 

114-130 

76-150 

165-168 

- - 1 2 0 

- - 1 0 0 

111-117 

100-105 

100-105 

100-105 

95-105 

95-105 

88-108 

87.5-108 

101-103 

60-105 

50-105 

50-105 

'55-75 

'100-120 

'89-110 

'119-140 

- - 9 2 

- - 9 6 

- -110 

- - 1 0 0 

1,500 

1,500 

800 

1,500 

2,150 

1,500 

1,500 

1,500 

2,000 

2,000 

2,140 

950 

916 

800 

690 

1,000 

900 

2,220 

2,300 

2,175 

1,520 

3,8 

3.5 

6.9 

28 

7.6 

7.7 

1.9 

4.3 

4.3 

5,2 

5,2 

5.5 

5,1 

3.3 

3.8 

5.8 

4.8 

5.5 

5.8 

9.2 

8.3 

6.6 

24 

12 

12 

24 

24 

24 

24 

72 

48 

8 

24 

400 

430 

120 

540 

280 

790 

350 

350 

390 

390 

390 

190 

280 

210 

100 

210 

140 

320 

250 

260 

240 

38 

53 

110,000 

120,000 

32000 

150,000 

75,000 

210,000 

95000 

95,000 

110,000 

110,000 

110.000 

51.000 

75,000 

57,000 

27,000 

57,000 

38,000 

87,000 

58,000 

70,000 

54.000 

10,000 

14,000 
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Table 2. Owners, constmction details, and hydiaulic data for large supply wells in Broward County ~ Continued 

Site 
n a m e 

O w n -
M a p e r ' s 
n u m well 
-ber n u m 

-ber 

USGS 
supply 

well 
number 

Lal i - Long-
me-

ter 

Fin 
ish 

Pro 
duc
tion 

inler
val 

Dis
cbarge 

Pum-
Diatv- ping 
doivn per

iod 

Spe
cific 

Est im
ated 

t r ans -
capa-
cit* «i*ssi-

vir*-

Deerfield 
Beach 
(cont 'd) 

10 S-2182 2619 60-90 536 2,54 211 57,000 

do. 

do. 

BCU 
District 2A 

Hillsboro 
Beach 

New Mark 
Glen 

Coral Springs 

11 

12 

13 

14 

15 

16 

4 

5 

6 

7 

8 

17 

18 

19 

20 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

2 

3 

4 

1 

1 

2 

1 

2 

3 

4 

5 

6 

7 

S-2183 

S-2184 

S-21B5 

S-21B6 

S-21B7 

S-21S8 

S-2176 

S-2177 

S-2178 

S-2179 

S-2180 

S-2I89 

S-2190 

S-1517 

S-2147 

S-2148 

S-2149 

S-2150 

S-2151 

S-2152 

S-2236 

S-2237 

S-2238 

S-2239 

S-1515 

S-2096 

S-2191 

S-2006 

S-2192 

S-2005 

S-2193 

S-2194 

S-2195 

2618 

2618 

2618 

2618 

2618 

2618 

2618 

2618 

2619 

2618 

2619 

2613 

2618 

2618 

2618 

2617 

2617 

2617 

2617 

2617 

2617 

2617 

2617 

2617 

2616 

2616 

2616 

2616 

2615 

2618 

2618 

2616 

2616 

2616 

2616 

2616 

2616 

2616 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8007 

8007 

8007 

8007 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8006 

8010 

8010 

8014 

8014 

8014 

8014 

8014 

8024 

8014 

14 

14 

14 

14 

14 

14 

12 

12 

12 

12 

12 

14 

14 

14 

14 

8 

12 

10 

18 

12 

18 

20 

24 

24 

8 

8 

12 

12 

16 

12 

8 

8 

8 

8 

8 

8 

8 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

S 

S 

S 

S 

OH 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

s 

60-85 

60-83 

60-85 

60-96 

60-96 

60-96 

- - 1 1 2 

- - 1 0 0 

66-87 

67-100 

64-100 

155-180 

155-180 

- - I 8 0 

- -180 

- - 1 7 8 

154-180 

- - 1 4 3 

107-122 

125-139 

125-160 

128-140 

35-143 

45-143 

61-71 

64-73 

90-104 

128-138 

80-140 

" -200 

1O3-J20 

93-138 

89-134 

100-165 

110-174 

102-175 

105-175 

95-175 

1.024 

1.024 

1.024 

1,024 

1,024 

1,024 

1,000 

1.000 

1.000 

2,100 

1,780 

2,100 

2,100 

3,200 

2.600 

369 

400 

1.550 

1.500 

600 

5.17 

3.8 

3.3 

3.6 

2.4 

3.0 

7,7 

10 

5 

7.5 

9.7 

7.3 

3.3 

4.8 

8,5 

.9 

.7 

6.3 

8 

8 

8 

8 

8 

8 

5 

5 

9 

2 

198 

270 

310 

280 

430 

340 

130 

100 

200 

4 

4 

4 

4 

280 

180 

290 

640 

670 

310 

410 

570 

95 

53.000 

73,000 

84,000 

76,000 

120,000 

92,000 

35,000 

27.000 

54.000 

•^150,000 

76.000 

49,000 

78,000 

170.000 

180,000 

84,000 

26,000 
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Table 2. Owners, constmction details, and hydraulic data for large supply wells in Broward County ~ Continued 

Site 
name 

Own-
Map er's 
num well 
-ber num 

-ber 

USGS 
supply 

well 
n u m b e r 

Lat i 
tude 

Long
i tude 

Fin-

val 

charge 
Diaw-
duwu 

P u m 
ping 
per
iod 

Spe
cific 

capa
city 

vity-

Coral Springs 
(cont'd) 

do. 

University 
Utihty 

SCU 

71 

72 

73 

12 

E-1 

E-2 

E-3 

1 

S-2200 

S-2056 

S-2057 

S-2058 

2616 

2616 

2616 

2616 

2618 

8014 

8014 

8014 

8014 

8014 

8 

8 

12 

12 

12 

S 

O H 

O H 

OH 

S 

125-165 

127-140 

132-138 

132-138 

- - 1 2 1 

450 

450 

575 

180 

32.7 

15.4 

17,3 

8.5 

14 3,800 

29 7,800 

33 8,900 

21 5,700 

Single-Cased weU; water is apparently drawn from bottom. 

^ e l l deepened: first listing is shallow well data and second listing is for deepened wells. 
T'inish is multiple screen with blank casing in between; interval that specific capacity relates to is unknown. 
'*Rangeof specific capacity of these fom'weUs, as givenintexiof a consultant's report, is 231 to 538gal/min/fl; transmissivity listedisfor the site, but it is uncertain 
which well it pertains to. 
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Potable Water Supply (PWS) Wells 

FID 

39 

40 
17 
21 

22 
26 
28 

29 
32 

33 
34 
35 

36 
37 
38 

41 
42 
50 

53 
55 
57 

58 
60 
61 

62 
63 
65 
67 

68 
69 
70 

72 

Shape * 

Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 
Point 

Point 
Point 
Point 

Point 

PWS ID 

4061410 

4061410 
4061410 
4061410 

4061410 
4061410 
4061410 

4061410 
4061410 

4061410 
4061410 
4061410 

4061410 
4061410 
4061410 

4061410 
4061410 
4061429 

4061429 
4061429 
4061429 

4061429 
4061429 
4061429 

4061429 
4061429 
4061429 
4061429 

4061429 
4061429 
4061429 

4061429 

PWS STATUS 

ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 

PWS NAME 

SUNRISE #1, CITY OF 

SUNRISE #1, CITY OF 
SUNRISE #1, CITY OF 
SUNRISE #1, CITY OF 

SUNRISE #1, CITY OF 
SUNRISE #1, CITY OF 
SUNRISE #1, CITY OF 

SUNRISE #1, CITY OF 
SUNRISE #1, CITY OF 

SUNRISE #1, CITY OF 
SUNRISE #1, CITY OF 
SUNRISE #1, CITY OF 

SUNRISE #1, CITY OF 
SUNRISE #L CITY OF 
SUNRISE #1, CITY OF 

SUNRISE #L CITY OF 
SUNRISE #1, CITY OF 
TAMARAC (WEST), CITY OF 

TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 

TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 

TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 

TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 

TAMARAC (WEST), CITY OF 

PWS ADDRES 

4350 SPRINGTREE DRIVE 

4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 

4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 

4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 

4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 

4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 

4350 SPRINGTREE DRIVE 
4350 SPRINGTREE DRIVE 
7803 NW 61 ST 

7803 NW 61 ST 
7803 NW 61 ST 
7803 NW 61 ST 

7803 NW 61 ST 
7803 NW 61 ST 
7803 NW 61 ST 

7803 NW 61 ST 
7803 NW 61 ST 
7803 NW 61 ST 
7803 NW 61 ST 

7803 NW 61 ST 
7803 NW 61 ST 
7803 NW 61 ST 

7803 NW 61 ST 

PWS CITY 

SUNRISE 

SUNRISE 
SUNRISE 
SUNRISE 

SUNRISE 
SUNRISE 
SUNRISE 

SUNRISE 
SUNRISE 

SUNRISE 
SUNRISE 
SUNRISE 

SUNRISE 
SUNRISE 
SUNRISE 

SUNRISE 
SUNRISE 
TAMARAC 

TAMARAC 
TAMARAC 
TAMARAC 

TAMARAC 
TAMARAC 
TAMARAC 

TAMARAC 
TAMARAC 
TAMARAC 
TAMARAC 

TAMARAC 
TAMARAC 
TAMARAC 

TAMARAC 

PWS ZIPS 

33321 

33321 
33321 
33321 

33321 
33321 
33321 

33321 
33321 

33321 
33321 
33321 

33321 
33321 
33321 

33321 
33321 
33321 

33321 
33321 
33321 

33321 
33321 
33321 

33321 
33321 
33321 
33321 

33321 
33321 
33321 

33321 



Potable Water Supply (PWS) Wells 

73 
74 
76 

79 
11 
13 

14 
15 
16 

20 
23 

24 
27 
81 

0 
1 
2 

3 
4 
5 

6 
7 
8 

9 
10 
18 

19 
25 
30 
31 

43 
44 
45 

46 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 
Point 

Point 
Point 
Point 

Point 

4061429 
4061429 
4061429 

4061429 
4060787 
4060787 

4060787 
4060787 
4060787 

4060167 
4060167 

4060167 
4060167 
4060976 

4061121 
4061121 
4061121 

4061121 
4061121 
4061121 

4061121 
4061121 
4061121 

4061121 
4061121 
4060167 

4060167 
4060167 
4060167 
4060167 

4060486 
4060486 
4060486 

4060486 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 

TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 
TAMARAC (WEST), CITY OF 

TAMARAC (WEST), CITY OF 
LAUDERHILL, CITYOF 
LAUDERHILL, CITYOF 

LAUDERHILL, CITYOF 
LAUDERHILL, CITYOF 
LAUDERHILL, CITYOF 

BCWWS IA 
BCWWS IA 

BCWWS IA 
BCWWS IA 
NORTH LAUDERDALE, CITY OF 

PLANTATION, EAST & CENTRAL 
PLANTATION, EAST & CENTRAL 
PLANTATION, EAST & CENTRAL 

PLANTATION, EAST & CENTRAL 
PLANTATION, EAST & CENTRAL 
PLANTATION, EAST & CENTRAL 

PLANTATION, EAST & CENTRAL 
PLANTATION, EAST & CENTRAL 
PLANTATION, EAST & CENTRAL 

PLANTATION, EAST & CENTRAL 
PLANTATION, EAST & CENTRAL 
BCWWS IA 

BCWWS IA 
BCWWS IA 
BCWWS IA 
BCWWS IA 

FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 

FORT LAUDERDALE, CITY OF 

7803 NW 61 ST 
7803 NW 61 ST 
7803 NW 61 ST 

7803 NW 61 ST 
2101 NW 49 AVE 
2101 NW 49 AVE 

2101 NW 49 AVE 
2101 NW 49 AVE 
2101 NW 49 AVE 

3701 NSR 7 
3701 N SR 7 

3701 N SR 7 
3701 N SR 7 
701 SW 71 AVE 

400 NW 73 AVE 
400 NW 73 AVE 
400 NW 73 AVE 

400 NW 73 AVE 
400 NW 73 AVE 
400 NW 73 AVE 

400 NW 73 AVE 
400 NW 73 AVE 
400 NW 73 AVE 

400 NW 73 AVE 
400 NW 73 AVE 
3701 N SR 7 

3701 NSR 7 
3701 N SR 7 
3701 N SR 7 
3701 N SR 7 

4321 NW 9 AVE 
4321 NW 9 AVE 
4321 NW 9 AVE 

4321 NW 9 AVE 

TAMARAC 
TAMARAC 
TAMARAC 

TAMARAC 
LAUDERHILL 
LAUDERHILL 

LAUDERHILL 
LAUDERHILL 
LAUDERHILL 

LAUDERDALE LAKES 
LAUDERDALE LAKES 

LAUDERDALE LAKES 
LAUDERDALE LAKES 
NORTH LAUDERDALE 

PLANTATION 
PLANTATION 
PLANTATION 

PLANTATION 
PLANTATION 
PLANTATION 

PLANTATION 
PLANTATION 
PLANTATION 

PLANTATION 
PLANTATION 
LAUDERDALE LAKES 

LAUDERDALE LAKES 
LAUDERDALE LAKES 
LAUDERDALE LAKES 
LAUDERDALE LAKES 

FT LAUDERDALE 
FT LAUDERDALE 
FT LAUDERDALE 

FT LAUDERDALE 

33321 
33321 
33321 

33321 
33313 
33313 

33313 
33313 
33313 

33311 
33311 

33311 
33311 
33068 

33317 
33317 
33317 

33317 
33317 
33317 

33317 
33317 
33317 

33317 
33317 
33311 

33311 
33311 
33311 
33311 

33309 
33309 
33309 

33309 



Potable Water Supply (PWS) Wells 

47 
48 
49 

51 
52 
54 

56 
59 
64 

66 
71 

75 
77 
78 

80 
82 
83 

84 
85 
86 

87 
88 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 
Point 

Point 
Point 

4060486 
4060486 
4060486 

4060486 
4060486 
4060486 

4060486 
4060486 
4060486 

4060486 
4060486 

4060486 
4060486 
4060486 

4060486 
4060976 
4060976 

4060291 
4060291 
4060291 

4060291 
4060291 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 

FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 

FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 

FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 

FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 
FORT LAUDERDALE, CITY OF 

FORT LAUDERDALE, CITY OF 
NORTH LAUDERDALE, CITY OF 
NORTH LAUDERDALE, CITY OF 

CORAL SPRINGS IMPROVEMENT DIST 
CORAL SPRINGS IMPROVEMENT DIST 
CORAL SPRINGS IMPROVEMENT DIST 

CORAL SPRINGS IMPROVEMENT DIST 
CORAL SPRINGS IMPROVEMENT DIST 

4321 NW 9 AVE 
4321 NW 9 AVE 
4321 NW 9 AVE 

4321 NW 9 AVE 
4321 NW 9 AVE 
4321 NW 9 AVE 

4321 NW 9 AVE 
4321 NW 9 AVE 
4321 NW 9 AVE 

4321 NW 9 AVE 
4321 NW 9 AVE 

4321 NW 9 AVE 
4321 NW 9 AVE 
4321 NW 9 AVE 

4321 NW 9 AVE 
701 SW 71 AVE 
701 SW 71 AVE 

10300 NW 11 MANOR 
10300 NW 11 MANOR 
10300 NW 11 MANOR 

10300 NW 11 MANOR 
10300 NW 11 MANOR 

FT LAUDERDALE 
FT LAUDERDALE 
FT LAUDERDALE 

FT LAUDERDALE 
FT LAUDERDALE 
FT LAUDERDALE 

FT LAUDERDALE 
FT LAUDERDALE 
FT LAUDERDALE 

FT LAUDERDALE 
FT LAUDERDALE 

FT LAUDERDALE 
FT LAUDERDALE 
FT LAUDERDALE 

FT LAUDERDALE 
NORTH LAUDERDALE 
NORTH LAUDERDALE 

CORAL SPRINGS 
CORAL SPRINGS 
CORAL SPRINGS 

CORAL SPRINGS 
CORAL SPRINGS 

33309 
33309 
33309 

33309 
33309 
33309 

33309 
33309 
33309 

33309 
33309 

33309 
33309 
33309 

33309 
33068 
33068 

33065 
33065 
33065 

33065 
33065 



Potable Water Supply (PWS) Wells 

PWS_PHONE 

9545722424 

9545722424 
9545722424 
9545722424 

9545722424 
9545722424 
9545722424 

9545722424 
9545722424 

9545722424 
9545722424 
9545722424 

9545722424 
9545722424 
9545722424 

9545722424 
9545722424 
9547242430 

9547242430 
9547242430 
9547242430 

9547242430 
9547242430 
9547242430 

9547242430 
9547242430 
9547242430 
9547242430 

9547242430 
9547242430 
9547242430 

9547242430 

PWS_COUNTY 

6 

6 
6 
6 

6 
6 
6 

6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 
6 

6 
6 
6 

6 

PWS_OFFICE 

SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 

PWS_TYPE_C 

C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

c 
c 
c 
c 
c 
c 
c 
c 

PWS TYPE 

COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 

PWS POP SE 

79345 

79345 
79345 
79345 

79345 
79345 
79345 

79345 
79345 

79345 
79345 
79345 

79345 
79345 
79345 

79345 
79345 
63270 

63270 
63270 
63270 

63270 
63270 
63270 

63270 
63270 
63270 
63270 

63270 
63270 
63270 

63270 

PWS LAST S 

10/29/2009 

10/29/2009 
10/29/2009 
10/29/2009 

10/29/2009 
10/29/2009 
10/29/2009 

10/29/2009 
10/29/2009 

10/29/2009 
10/29/2009 
10/29/2009 

10/29/2009 
10/29/2009 
10/29/2009 

10/29/2009 
10/29/2009 

4/2/2009 

4/2/2009 
4/2/2009 
4/2/2009 

4/2/2009 
4/2/2009 
4/2/2009 

4/2/2009 
4/2/2009 
4/2/2009 
4/2/2009 

4/2/2009 
4/2/2009 
4/2/2009 

4/2/2009 

PWS DESIGN 

24000000 

24000000 
24000000 
24000000 

24000000 
24000000 
24000000 

24000000 
24000000 

24000000 
24000000 
24000000 

24000000 
24000000 
24000000 

24000000 
24000000 
20000000 

20000000 
20000000 
20000000 

20000000 
20000000 
20000000 

20000000 
20000000 
20000000 
20000000 

20000000 
20000000 
20000000 

20000000 

PWS PRIMAR 

MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 



Potable Water Supply (PWS) Wells 

9547242430 
9547242430 
9547242430 

9547242430 
9547302972 
9547302972 

9547302972 
9547302972 
9547302972 

9544973624 
9544973624 

9544973624 
9544973624 
9547220900 

9547972285 
9547972285 
9547972285 

9547972285 
9547972285 
9547972285 

9547972285 
9547972285 
9547972285 

9547972285 
9547972285 
9544973624 

9544973624 
9544973624 
9544973624 
9544973624 

9548287839 
9548287839 
9548287839 

9548287839 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 
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6 
6 

6 
6 
6 
6 

6 
6 
6 

6 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 

C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 

63270 
63270 
63270 

63270 
55000 
55000 

55000 
55000 
55000 

65971 
65971 

65971 
65971 
28220 

92002 
92002 
92002 

92002 
92002 
92002 

92002 
92002 
92002 

92002 
92002 
65971 

65971 
65971 
65971 
65971 

172680 
172680 
172680 

172680 

4/2/2009 
4/2/2009 
4/2/2009 

4/2/2009 
10/28/2009 
10/28/2009 

10/28/2009 
10/28/2009 
10/28/2009 

2/25/2010 
2/25/2010 

2/25/2010 
2/25/2010 

12/17/2010 

9/11/2009 
9/11/2009 
9/11/2009 

9/11/2009 
9/11/2009 
9/11/2009 

9/11/2009 
9/11/2009 
9/11/2009 

9/11/2009 
9/11/2009 
2/25/2010 

2/25/2010 
2/25/2010 
2/25/2010 
2/25/2010 

5/6/2008 
5/6/2008 
5/6/2008 

5/6/2008 

20000000 
20000000 
20000000 

20000000 
16000000 
16000000 

16000000 
16000000 
16000000 

16000000 
16000000 

16000000 
16000000 
7500000 

24000000 
24000000 
24000000 

24000000 
24000000 
24000000 

24000000 
24000000 
24000000 

24000000 
24000000 
16000000 

16000000 
16000000 
16000000 
16000000 

90000000 
90000000 
90000000 

90000000 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 



Potable Water Supply (PWS) Wells 

9548287839 
9548287839 
9548287839 

9548287839 
9548287839 
9548287839 

9548287839 
9548287839 
9548287839 

9548287839 
9548287839 

9548287839 
9548287839 
9548287839 

9548287839 
9547220900 
9547220900 

9547521797 
9547521797 
9547521797 

9547521797 
9547521797 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 
SEBR 

SEBR 
SEBR 

C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 
COMMUNITY 

COMMUNITY 
COMMUNITY 

172680 
172680 
172680 

172680 
172680 
172680 

172680 
172680 
172680 

172680 
172680 

172680 
172680 
172680 

172680 
28220 
28220 

40000 
40000 
40000 

40000 
40000 

5/6/2008 
5/6/2008 
5/6/2008 

5/6/2008 
5/6/2008 
5/6/2008 

5/6/2008 
5/6/2008 
5/6/2008 

5/6/2008 
5/6/2008 

5/6/2008 
5/6/2008 
5/6/2008 

5/6/2008 
12/17/2010 
12/17/2010 

4/2/2009 
4/2/2009 
4/2/2009 

4/2/2009 
4/2/2009 

90000000 
90000000 
90000000 

90000000 
90000000 
90000000 

90000000 
90000000 
90000000 

90000000 
90000000 

90000000 
90000000 
90000000 

90000000 
7500000 
7500000 

7200000 
7200000 
7200000 

7200000 
7200000 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

MUNICIPAL/CITY 
MUNICIPAL/CITY 
MUNICIPAL/CITY 

SUBDIVISION 
SUBDIVISION 
SUBDIVISION 

SUBDIVISION 
SUBDIVISION 



Potable Water Supply (PWS) Wells 

PWS INSPEC 

EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 

WELL ID 

27695 

27696 
27703 
27704 

27702 
27700 
27706 

27705 
27701 

27699 
27707 
27708 

27698 
27697 
27709 

27694 
8542 

27733 

27724 
27732 
27725 

27716 
27722 
8544 

27717 
27720 
27721 
27719 

27726 
27718 
27723 

27727 

LOCATION 1 

55832 

55831 
55824 
55823 

55825 
55827 
55821 

55822 
55826 

55828 
55820 
55819 

55829 
55830 
55818 

55833 
55834 
55869 

55859 
55868 
55860 

55851 
55857 
55850 

55852 
55855 
55856 
55854 

55861 
55853 
55858 

55862 

WELL NAME 

WELLNO. 7 

WELLNO. 8 
WELLNO. 16 
WELLNO. 17 

WELLNO. 15 
WELLNO. 13 
WELLNO. 19 

WELLNO. 18 
WELLNO. 14 

WELLNO. 12 
WELLNO. 20 
WELLNO. 21 

WELLNO. 11 
WELLNO. 10 
WELLNO. 22 

WELLNO. 3 
SUNRISE #1 WELL 2 
WELLNO. 19 

WELLNO. 10 
WELLNO. 18 
WELLNO. 11 

WELLNO. 2 
WELLNO. 8 
TAMARAC UTILITIES WELL NO. 1 

WELLNO. 3 
WELLNO. 6 
WELLNO. 7 
WELLNO. 5 

WELLNO. 12 
WELLNO. 4 
WELLNO. 9 

WELLNO. 13 

FLUWID 

AAE3666 

AAE3667 
AAE3663 
AAE3668 

AAI9476 
AAE3665 
AAE3664 

AAE3661 
AAI9473 
AAI3662 
AAI9474 

AAE3669 
AAI9475 

WELL STATU 

ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 

LAT DD 

26 

26 
26 
26 

26 
26 
26 

26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 
26 

26 
26 
26 

26 

LAT MM 

10 

10 
10 
10 

10 
10 
10 

10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
11 

11 
11 
11 

11 
11 
11 

11 
12 
11 
12 

11 
12 
12 

12 

LAT SS 

34.275 

37.184 
15.359 

18.27 

18.76 
22.017 
22.406 

22.715 
24.46 

25.848 
26.413 
27.746 

28.433 
29.933 
30.295 

42.932 
42.967 
52.717 

53.191 
55.664 
56.116 

58.2 
58.396 
58.204 

58.588 
0.072 

59.264 
0.033 

59.103 
0.348 
0.322 

2.152 

LONG DD 

80 

80 
80 
80 

80 
80 
80 

80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 
80 

80 
80 
80 

80 



Potable Water Supply (PWS) Wells 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 

EKL 
EKL 
RC 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 

27729 
27728 
27730 

27731 
54103 
27622 

27619 
27621 
27623 

27547 
27543 

27546 
27544 
27636 

8532 
8531 

27641 

27649 
27642 
27643 

27648 
27645 
27644 

27646 
27647 
27542 

27541 
27545 
27540 
8479 

23367 
23364 
23356 

8503 

55865 
55863 
55866 

55867 
112586 
55658 

55655 
55657 
55659 

55607 
55603 

55606 
55604 
55777 

55726 
55744 
55745 

55735 
55746 
55747 

55731 
55749 
55748 

55750 
55752 
55602 

55601 
55605 
55600 
55599 

48864 
48862 
48855 

48854 

WELLNO. 15 
WELLNO. 14 
WELLNO. 16 

WELLNO. 17 
WELL #8 
WELLNO. 6 

WELLNO. 3 
WELLNO. 5 
WELLNO. 7 

BCWWS-IAWELLNO. 9 
BCWWS-IAWELLNO. 5 

BCWWS-IAWELLNO. 8 
BCWWS-IAWELLNO. 6 
WELLNO. 3 

PLANTATION (CENTRAL) WELL 1 
PLANTATION (EAST) WELL NO. 1 
WELLNO. 2 

WELLNO. 3 
WELLNO. 3 
WELLNO. 4 

WELLNO. 2 
WELLNO. 6 
WELLNO. 5 

WELLNO. 7 
WELLNO. 8 
BCWWS-IAWELLNO. 4 

BCWWS-IAWELLNO. 3 
BCWWS-IAWELLNO. 7 
BCWWS-IAWELLNO. 2 
BCWWS-IAWELLNO. 1 

FORT LAUDERDALE WELL 37 
FORT LAUDERDALE WELL 34 
PROSPECT WELL 26 

PROSPECT WELL 25 

AAE3657 
AAE3658 

AAE3656 
AAE3655 
AAE3660 

AAH9074 

AAH0092 
AAH0083 
AAH0082 

AAH0081 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 
26 

26 
26 
26 

26 

12 
12 
12 

12 
8 
9 

9 
9 
9 

10 
10 

10 
10 
12 

7 
7 
7 

7 
7 
7 

7 
7 
7 

7 
7 

10 

10 
10 
10 
10 

11 
11 
11 

11 

2.661 
2.661 
5.577 

8.571 
58.4417 

5.844 

8.041 
8.034 
9.335 

14.561 
15.275 

17.103 
18.315 
49.693 

39.009 
37.036 
40.013 

43.881 
40.643 
41.413 

45.347 
41.881 

42.74 

42.837 
42.982 
13.618 

13.658 
17.014 
19.947 
19.942 

43.3312 
44.3272 
44.1285 

43.825 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 
80 

80 
80 
80 

80 



Potable Water Supply (PWS) Wells 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
EKL 

EKL 
EKL 
EKL 

EKL 
RC 
RC 

EKL 
EKL 
EKL 

EKL 
EKL 

23376 
23374 
23368 

23369 
23375 
23378 

23363 
23357 
23380 

23371 
23372 

23358 
23362 
23361 

23360 
27635 
8525 

30698 
30697 
30700 

30699 
27596 

48872 
48870 
48865 

48866 
48871 
48874 

48861 
48856 
48876 

48868 
48869 

48857 
48860 
48859 

68846 
55776 
55753 

59021 
59020 
59025 

59024 
55670 

FORT LAUDERDALE WELL 45 
FORT LAUDERDALE WELL 43 
FORT LAUDERDALE WEEL 38 

FORT LAUDERDALE WELL 39 
FORT LAUDERDALE WELL 44 
FORT LAUDERDALE WELL 47 

FORT LAUDERDALE WELL 33 
PROSPECT WELL 27 
FORT LAUDERDALE WELL 49 

FORT LAUDERDALE WELL 41 
FORT LAUDERDALE WELL 42 

PROSPECT WELL 28 
FORT LAUDERDALE WELL 32 
FORT LAUDERDALE WELL 31 

FORT LAUDERDALE WELL 30 
WELLNO. 2 
NORTH LAUDERDALE WELL# 1 

CSIDWELL9 
CSIDWELL8 
CSIDWELLll 

CSIDWELLIO 
CSIDWELL5 

AAH0093 
AAH0091 
AAH0090 

AAHOIOO 
AAH0089 
AAHOlOl 

AAH0084 
AAH0088 
AAH0103 

AAH0102 
AAH1502 

AAH0087 
AAH0085 
AAH0086 

AAH1501 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 
ACTIVE 

ACTIVE 
ACTIVE 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 

26 
26 
26 

26 
26 
26 

26 
26 
26 

26 
26 

11 
11 
11 

11 
11 
11 

11 
11 
11 

11 
11 

11 
12 
12 

12 
12 
13 

14 
14 
14 

14 
14 

43.2922 
43.6118 
43.8023 

47.8597 
48.81 

49.5063 

52.6027 
53.6863 
54.5133 

54.4309 
57.7352 

59.1522 
2.2879 
3.8995 

10.5688 
56.447 
7.923 

0.615 
0.621 
0.819 

0.825 
19.005 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 



Potable Water Supply (PWS) Wells 

LONG_MM 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

14 

15 

14 

15 

15 

15 

15 

15 

15 

15 

14 

15 

15 

14 

LONG_SS 

22.98 

22.089 

41.321 

29.461 

42.28 

44.543 

28.582 

23.064 

41.865 

46.591 

29.954 

25.916 

49.933 

53.93 

28.446 

43.862 

41.685 

14.214 

59.219 

14.309 

59.232 

23.074 

21.149 

12.785 

18.186 

48.489 

15.538 

40.539 

59.306 

31.32 

22.842 

59.271 

WELL_HEIGH 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

METHOD 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DATUM 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

WELL_COORD 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

WELL PLANT 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

WELL NUMBE 

4 

5 

12 

13 

11 

9 

15 

14 

10 

8 

16 

17 

7 

6 

18 

3 

1 

19 

10 

18 

11 

2 

8 

1 

3 

6 

7 

5 

12 

4 

9 

13 

WELL YEAR 

1973 

1973 

1974 

1999 

1974 

1974 

1993 

1993 

1974 

1974 

1993 

1993 

1974 

1974 

1993 

1971 

1971 

1996 

1983 

1996 

1983 

1969 

1973 

1969 

1970 

1971 

1973 

1971 

1986 

1970 

1973 

1986 

WELL DEPTH 

77 

73 

107 

125 

107 

86 

118 

125 

86 

104 

120 

115 

73 

77 

118 

115 

106 

180 

120 

180 

120 

112 

123 

126 

115 

109 

125 

117 

110 

110 

115 

110 



Potable Water Supply (PWS) Wells 

15 

15 

15 

15 

13 

13 

13 

13 

13 

12 

12 

12 

12 

13 

16 

14 

14 

16 

14 

14 

16 

13 

13 

13 

13 

12 

12 

12 

12 

12 

11 

12 

11 

11 

7.09 

3.694 

2.95 

3.033 

33.9817 

6.013 

4.804 

3.071 

0.35 

34.286 

26.783 

34.311 

26.629 

13.993 

30.391 

9.254 

9.695 

19.57 

14.268 

8.39 

27.239 

46.474 

57.619 

53.454 

48.845 

18.873 

14.776 

18.79 

19.057 

13.434 

31.8079 

7.1231 

58.0451 

45.9624 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6.919 

4.202 

7.701 

1.689 

DGPS 

DGPS 

DGPS 

DGPS 

DPHO 

DGPS 

DGPS 

DGPS 

DGPS 

DPHO 

DPHO 

DPHO 

DPHO 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DPHO 

DPHO 

DPHO 

DPHO 

DPHO 

DGPS 

DGPS 

DGPS 

DGPS 

27 

27 

27 

27 

83 

27 

27 

27 

27 

83 

83 

83 

83 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

83 

83 

83 

83 

83 

83 

83 

83 

83 

<Null> 

<Null> 

<Null> 

<Null> 

6/11/2010 

<Null> 

<Null> 

<Null> 

<Null> 

11/7/2007 

11/7/2007 

11/7/2007 

11/7/2007 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

11/7/2007 

11/7/2007 

11/7/2007 

11/7/2007 

11/7/2007 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

15 

14 

16 

17 

8 

6 

3 

5 

7 

9 

5 

8 

6 

3 

1 

1 

2 

3 

3 

4 

2 

6 

5 

7 

8 

4 

3 

7 

2 

1 

13 

10 

2 

1 

1992 

1992 

1992 

1992 

2006 

1973 

1967 

1974 

1975 

1991 

1974 

1991 

1982 

1975 

1987 

1995 

1997 

1987 

1997 

1997 

1987 

1997 

1977 

1997 

1997 

0 

0 

1982 

0 

0 

1983 

1975 

1969 

1969 

160 

160 

125 

125 

110 

121 

154 

115 

142 

142 

94 

142 

200 

126 

140 

160 

125 

140 

125 

125 

140 

117 

130 

130 

130 

0 

0 

100 

100 

0 

98 

100 

144 

150 



Potable Water Supply (PWS) Wells 

11 

11 

11 

11 

11 

11 

12 

11 

11 

11 

11 

11 

12 

12 

11 

13 

13 

15 

15 

15 

15 

15 

26.3715 

37.2746 

42.1428 

26.0791 

42.3525 

29.569 

11.5555 

45.2279 

36.3034 

30.8552 

40.4496 

52.602 

9.861 

0.9567 

54.1372 

13.811 

8.456 

0.859 

0.951 

0.928 

0.884 

42.891 

-0.248 

6.82 

3.895 

5.268 

5.057 

5.472 

6.716 

6.078 

-1.067 

5.712 

4.597 

5.761 

4.756 

7.611 

6.044 

0 

0 

0 

0 

0 

0 

0 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

DGPS 

UNVR 

UNVR 

UNVR 

UNVR 

DGPS 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

83 

27 

27 

83 

83 

83 

83 

27 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

8/10/2001 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

<Null> 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

21 

19 

14 

15 

20 

23 

9 

3 

25 

17 

18 

4 

8 

7 

6 

2 

1 

9 

8 

11 

10 

5 

1985 

1985 

1983 

1983 

1985 

1985 

1975 

1972 

1985 

1983 

1983 

1972 

1975 

1975 

1972 

1975 

1975 

2003 

2003 

2003 

2003 

1979 

95 

90 

102 

98 

90 

96 

100 

120 

95 

95 

91 

101 

100 

108 

108 

128 

129 

140 

140 

140 

140 

140 



Potable Water Supply (PWS) Wells 

WELL AVAIL 

PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 

BUFFER RANGE 
.25 Mile 
.5 Mile 

.5 Mile 
IMi le 
IMi le 

IMi le 
IMi le 
IMi le 

IMi le 
IMi le 

IMi le 
IMi le 
IMi le 

IMi le 
IMi le 
IMi le 

IMi le 
IMi le 
2 Miles 

2 Miles 
2 Miles 
2 Miles 

2 Miles 
2 Miles 
2 Miles 

2 Miles 
2 Miles 
2 Miles 
2 Miles 

2 Miles 
2 Miles 
2 Miles 

2 Miles 



Potable Water Supply (PWS) Wells 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 

2 Miles 
2 Miles 
2 Miles 

2 Miles 
3 Miles 
3 Miles 

3 Miles 
3 Miles 
3 Miles 

3 Miles 
3 Miles 

3 Miles 
3 Miles 
3 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 



Potable Water Supply (PWS) Wells 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 
PERMANENT 

PERMANENT 
PERMANENT 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 
4 Miles 

4 Miles 
4 Miles 



HRS Private Wells from WMS 

FID 

0 

Shape * 

Point 

PK STATION 

3774 

STATION NA 

2.6093E+14 

LATITUDE D 

26 

LATITUDE M 

9 

LATITUDE S 

30 

LONGITUDE 

80 

LONGITUDEl 

17 

LONGITUD 1 

45 



HRS Private Wells from WMS 

WELL TYPE 

PRIVATE DRINKING WATER WELL 

LAND SURFA WELL MEASU AGENCY MAI 

DEP AMBIENT WATER QUALITY MONITORING 

LOCATION M 

MMAP 

WELL DRILL 

<Null> 



HRS Private Wells f rom WMS 

WELL TOTAL 

89 

WELL CASIN 

87 

WELL CAS 1 

GALVANIZED IRON OR GALVANIZED STEEL 

WELL CAS 2 

2 

WATERBODY 

BISCAYNE AQUIFER 

SUBAQUIFER SAMPLED HR 

1 



HRS Private Wells from WMS 

STORET IDE 

2.6093E+14 

WELL WATER BUFFER RANGE 
.25 Mile 
.5 Mile 

IMi le 
2 Miles 
3 Miles 

4 Miles 



Drycleaning Solvent Program Cleanup Sites 

FID 

22 

21 

9 

10 

11 

13 

14 

15 

17 

26 

27 

29 

30 

3 

4 

5 

6 

7 

8 

12 

18 

19 

24 

31 

32 

33 

34 

0 

1 

2 

16 

20 

Shape * 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

Point 

SITE 

69600018 

69500436 

69500132 

69501368 

69500165 

69502205 

69500787 

69501369 

69601800 

69601688 

69501099 

69501336 

69500395 

69501850 

69501985 

69501417 

69502093 

69501200 

69501043 

69500171 

69502214 

69500116 

69501224 

69602080 

69500476 

69800971 

69502181 

69502285 

69500621 

69701026 

69600002 

69500308 

NAME 

Crystal Dry Cleaners 

One Price Dry Cleaning 

The Drycleaner 

Dry Cleaner 

Marni Cleaners 

C ' Way Cleaners 

Dry Clean Inn 

The Drycleaner Cleaners 

Discount Dryclean Outlet 

ALL STAR CLEANERS INC 

Royal French Cleaners 

Sunshine Cleaners 

Personal Touch Drycleaners Inc 

The Cleaner Choice 

American Dry Cleaners 

Jacaranda Cleaners - Former 

Dryclean USA #11310 

Pine Island Cleaners 

Ma & Pa Cleaners 

Classic French Dry Cleaners 

Nu Look 1 Hour Cleaners 

Magic Touch French Cleaners Inc 

Professional Dry Cleaners 

Conders Quality Dry Cleaners 

Dryclean USA 

Supreme USA Cleaning 

A ' 1 Cleaners 

Dryclean USA #11319 

Boston Man Cleaners 

Starcrest Professional Drycleaners 

U R Brite 

Fresh Look Inc 

ADDRESS 

4952 N University Dr 

4513 N Pine Island Rd 

5534 W Oakland Park Blvd 

2422 N University Dr 

8314 W Oakland Park Blvd 

7213 W Oakland Park Blvd 

7321 W Oakland Park Blvd 

8458 W Oakland Park Blvd 

8455 W Oakland Park Blvd 

6301 W Commercial Blvd 

6949 W Commercial Blvd 

6734 N University Dr 

1627 SW 81st Ave 

1735 N University Dr 

8320 E Sunrise Blvd 

8371 W Sunrise Blvd 

1943 N Pine Island Rd 

1890 Pine Island Rd 

8288 Sunset Strip 

5539 W Oakland Park Blvd 

3427 Hiatus Rd 

10091 W Oakland Park Blvd 

4277 W Commercial Blvd 

7 2 2 4 W M c N a b R d 

8088 W McNab Rd 

7209 NW 88th Ave 

8182 N University Dr 

10099 Cleary Rd 

6081 West Sunrise Blvd 

6161 West Sunrise Blvd 

3230 NSR 7 

4129 North SR 7 

CITY 

LauderhiU 

Sunrise 

LauderhiU 

Sunrise 

Sunrise 

LauderhiU 

LauderhiU 

Sunrise 

Sunrise 

Tamarac 

Tamarac 

Tamarac 

N Lauderdale 

Plantation 

Plantation 

Plantation 

Plantation 

Plantation 

Sunrise 

LauderhiU 

Sunrise 

Sunrise 

Tamarac 

N Lauderdale 

N Lauderdale 

Tamarac 

Tamarac 

Plantation 

Sunrise 

Sunrise 

Lauderdale Lakes 

Lauderdale Lakes 

COUNTY 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

Broward 

DISTRICT 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 

Southeast 



Drycleaning Solvent Program Cleanup Sites 

23 

25 

35 

36 

Point 

Point 

Point 

Point 

69500388 

69701192 

69502099 

69500792 

Dry Clean USA 

M & J Dry Cleaners Inc 

Dryclean USA #11308 

Dry Clean USA 

3204 W Commercial Blvd 

5317 N State Rd 7 

8315 Pine Island Rd 

7220 Southgate Blvd 

Tamarac 

Tamarac 

Tamarac 

N Lauderdale 

Broward 

Broward 

Broward 

Broward 

Southeast 

Southeast 

Southeast 

Southeast 



Drycleaning Solvent Program Cleanup Sites 

PROGRAM 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

STATUS 

Delisted 

Delisted 

Delisted 

Unassigned 

Delisted 

Delisted 

Delisted 

Delisted 

Delisted 

Unassigned 

Active 

Delisted 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Active 

Unassigned 

Unassigned 

Delisted 

Delisted 

Unassigned 

Delisted 

Unassigned 

Unassigned 

Active 

Active 

Active 

Delisted 

MANAGER 

DELISTED_HLA 

DELISTED_HSA 

DELISTED_M&E 

DELISTED_HSA 

DELISTED_HLA 

DELISTED_M&E 

DELISTED_ETC 

DELISTED_ETC 

PERKINS, SHARONDA 

DELISTED_E&E 

PERKINS, SHARONDA 

DELISTED_E&E 

DELISTED_IT 

DELISTED_GEO 

DAVIS, STACIE 

DAVIS, STACIE 

PERKINS, SHARONDA 

DELISTED_M&E 

EPA_PM OPERATION 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

MOD 

D154 

D013 

D256 

D209 

D153 

D040 

D176 

D175 

DlOO 

D109 

D041 

D143 

D194 

D193 

D156 

D275 

D135 

D134 

EPA FLD NO 

FLR000056101 

FLR000028415 

FLR000105353 

FLR000065805 

FLR000056093 

FLR000031526 

FLR000067058 

FLR000067025 

FLR000047159 

FLR000049023 

FLR000031864 

FLR000061853 

FLR000061846 

FLR000056119 

FLR000107359 

FLR000053348 

FLR000053322 

PROG LEAD 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

DEP 

METHOD 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

WGPS 

ACCURACY 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

DESCRIPTIO 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 



Drycleaning Solvent Program Cleanup Sites 

Drycleaner 

Drycleaner 

Drycleaner 

Drycleaner 

Delisted 

Delisted 

Unassigned 

Unassigned 

DELISTED_E&E 

DELISTED_E&E 

Drycleaner 

Drycleaner 

D108 

D144 

FLR000049031 

FLR000055921 

DEP 

DEP 

DEP 

DEP 

WGPS 

WGPS 

WGPS 

WGPS 

3 

3 

3 

3 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 

FRNTDOOR 



Drycleaning Solvent Program Cleanup Sites 

BUFFER RANGE 
.25 Mile 
.5 Mile 

I M 
2 M 
2 M 

2 M 
2 M 
2 M 

2 M ' 
2 M 

2 M 
2 M 
2 M 

2 M 
3 M 
3 M 

3 M 
3 M ' 
3 M 

3 M 
3 M 
3 M 

3 M 
3 M 
3 M 

3 M 
3 M 
3 M 
4 M 

4 M 
4 M 

le 
les 
les 

les 
les 
les 

les 
les 

les 
les 
les 

les 
les 
les 

les 
les 
les 

les 
les 
les 

les 
les 
les 

les 
les 
les 
les 

les 
les 

4 Miles 

4 Miles 



Drycleaning Solvent Program Cleanup Sites 

4 Miles 

liles 
Miles 

4 Miles 



Element Occurrence 

FID 

0 

1 

2 

3 

Shape * 

Mult ipoint 

Mult ipoint 

Mult ipoint 

Mult ipoint 

FEATURE ID 

9487 

5793 

89674 

17111 

EO ID 

10369 

5220 

30925 

20585 

ELCODE 

ABNSBlOOll 

ABNSBlOOll 

PMARE0C020 

ABNSBlOOll 

EO NUMBER 

58 

53 

13 

44 

SNAME 

Athene cunicularia floridana 

Athene cunicularia floridana 

Roystonea elata 

Athene cunicularia floridana 

SCOMNAME 

Florida Burrowing Owl 

Florida Burrowing Owl 

Florida Royal Palm 

Florida Burrowing Owl 

DATASENS 

N 

N 

N 

N 



Element Occurrence 

EORANK 

NR 
NR 
BC 
NR 

GRANK 

G4T3 
G4T3 
G2G3 
G4T3 

SRANK 

S3 
S3 
S2 
S3 

FEDERAL 

N 
N 
N 
N 

SPROT 

SSC 
SSC 
LE 
SSC 

LASTOBS 

10/1/1990 
3/15/1991 
1/12/2006 
6/17/1990 



Element Occurrence 

DESCRIPTIO 

Elementary school 

Golf course, park 

2006-01-12: Prairie hammock wi th Ficus aurea canopy; shrub layer of Rapanea punctata, Sambucus canadensis, Sabal palmetto, Psidium cattleianum, Psi( 

Vacant lot 



Element Occurrence 

EODATA 

1990-10-01: 2 owls - reported by Mike Rooney (M.S. Robson, GFC record). 

1991-03-15: M.S. Robson, GFC, observed 3 burrows. 

2006-01-12: One 12' tall tree, in leaf, on edge of small prairie hammock (F06FNA08FLUS). 

1990-06-17: M.S. Robson, GFC, observed 1 burrow and 1 pair of birds. 



Element Occurrence 

BESTSOURCE 

Florida Game and Fresh Water Fish Commission. 1997. Wildlife Occurrence Database System. 

Florida Game and Fresh Water Fish Commission. 1997. Wildlife Occurrence Database System. 

Florida Natural Areas Inventory. 2006. Florida Fish and Wildlife Conservation Commission Natural Community Mapping Project - Field survey of Everglad 

Florida Game and Fresh Water Fish Commission. 1997. Wildlife Occurrence Database System. 



Element Occurrence 

MANAME 

No managed area name given 

No managed area name given 

Everglades and Francis S. Taylor Wildlife Management Area 

No managed area name given 

COUNTY 

BROW 

BROW 

BROW 

BROW 

EOSIZE AC 

1125.25 

1125.25 

0.03 

1125.25 

REP ACC 

Low ( >5%, <=20% ) 

Low ( >5%, <=20% ) 

Very High ( >95% ) 

Low ( >5%, <=20% ) 

LOC UNCERT 

Areal-estim 

Areal-estim 

Negligible 

Areal-estim 

QC STAT 

P 

P 

P 

P 



Element Occurrence 

QTR UPDATE 

U 

U 
U 
U 

MAPLABELDS 

ATHEFLOR*58 

ATHEFLOR*53 
R0YSELAT*13 
ATHEFL0RM4 

SYMBOL 

A2 

A2 
Pl 
A2 

BUFFER RANGE 
.25 Mile 
.5 Mile 

IMi le 
2 Miles 
3 Miles 

3 Miles 
4 Miles 
4 Miles 



Florida Department of 
Environmental Protection 

Bob Martinez Center 
2600 Blair Stone Road 

Tallahassee, Florida 32399-2400 

Rick Scott 
Governor 

Jennifer Carroll 
Lt. Governor 

Herschel T. Vinyard Jr. 
Secretary 

US CENSUS TIGER DATABASE POPULATION LOOKUP 
Populat ion wi thin 4 miles radius from the site: 

SITE NAME: Touch of Class Cleaners Site 
4583 N. University Drive 
LauderhiU, Broward County, Florida 33351 

Latitude 26 10' 54.82" N . & Longitude 80 15' 9.40" W. 

Latitudinal Degree Decimal: N: 26.1819 
Longitudinal Degree Decimal: W: -80.2526 

Section: 16 Township: 49 S Range: 41 E 

Miles 
0 to 0.25 
0.25 to 0.50 
0.50 to 1 
l t o 2 
2 to 3 
3 to 4 

Population 
1,106 
3,677 
14,529 
61,439 
121,081 
178,518 

"More Protection, Less Process " 
www. dep. state.fl. us 



SCDM Data Version : 6/23/2006 

BI 

HAZARD RANKING SYSTEM 

Hazardous Substance Factor Values 

30 Oct 2006 

Ground Wata^ MobiEty 

Liquid Non-Li quid Persistence 
Bioaccumulation 

Food Chain Environment 

Substance Name CAS Number Toxicity Karst Non-Karst Karst Non-Karst River Lake Fresh Salt 

Ecotoxicity 
Air Gas Air Gas 

Fresh Salt Fresh Salt Migration Mobility Gas Part 

Trichloroethylene (TCE) 000079-01-6 10000* l.OOE+00 l.OOE+00 l.OOE+00 l.OOE+00 0.4000 1.0000 50.0 50.0 50.0 50.0 100 10 17 1.0000 Yes No 

BII 

Substance Name 

Ground Water/Surface Water Pathway 
Drinking Water 

CAS Number 
MCL/MCLG 
(mg/L) 

Reference Dose 
Screen Cone 

(mg/L) 

Cancer Risk 
Screen Cone 

(mg/L) 

Surface Water Pathway 
Food Chain 

Ref Dose Cancer Risk 
FDAAL Screen Cone Screen Cone 
(ppm) (mg/kg) (mg/kg) 

Surface Water Pathway 
Environmental 

Acute 

CMC (jig/L) * 

Fresh Salt 

Chronic 

CCC (^ig/L) * 

Fresh Salt 

Trichloroethylene (TCE) 000079-01-6 5.0E-3 1.1 E-2* 2.1E-4* 4,1E-1* 7.9E-3* 

Substance Name CAS Number 

NAAQS 
NESHAPS 
(ug/m'^3) 

AIR PATHWAY 

Reference Dose 
Screen Cone 

(mg/m''3) 

Cancer Risk 
Screen Cone 

(mg/m''3) 

SOIL PATHWAY 

Reference Dose 
Screen Cone 

(mg/kg) 

Cancer Risk 
Screen Cone 

(mg/kg) 

Trichloroethylme (TCE) 000079-01-6 04.2E-2* 2.3E+1* 1.6E+0* 

Indicates difference between previous version of chemical data (JUN 96 ) and current version of chemical data. 
Indic^es new hazardous substance in current version of chemical data (JAN04). 



?:*?// U.S. Census Bureau 

state & County QuickFacts 

People Business Geoaraohv Newsroom Subiects A toZ SearchfOiCensus 

Select a State 
USA QuickFacts 
What's New 
FAQ 

Florida counties - selection map 

~11 Select a county Go 

Florida cities - place search ^ More Florida data sets 

Select a city Go 

Broward County, Florida 

©Further information Want more? Browse data sets for Broward Countv 

People QuickFacts 
© Population, 2009 estimate 
© Population, percent change, April 1, 2000 to July 1, 2009 

© Population estimates base (April 1) 2000 
© Persons under 5 years old, percent, 2009 
© Persons under 18 years old, percent, 2009 

© Persons 65 years old and over, percent, 2009 
© Female persons, percent, 2009 

© White persons, percent, 2009 (a) 
© Black persons, percent, 2009 (a) 
© American Indian and Alaska Native persons, percent, 2009 (a) 
© Asian persons, percent, 2009 (a) 

© Native Hawaiian and Other Pacific Islander, percent, 2009 (a) 
© Persons reporting two or more races, percent, 2009 
© Persons of Hispanic or Latino origin, percent, 2009 (b) 
© White persons not Hispanic, percent, 2009 

© Living in same house in 1995 and 2000, pet 5 yrs old & over 
© Foreign born persons, percent, 2000 

© Language other than English spoken at home, pet age 5+, 2000 
© High school graduates, percent of persons age 25+, 2000 
© Bachelor's degree or higher, pet of persons age 25+, 2000 

Broward 
County 
1,766,476 

8.8% 

1,623,016 
6.5% 

23.1% 

14.0% 
51.3% 

68.6% 
25.9% 
0.5% 
3.3% 

0.2% 
1.5% 

24.6% 
46.2% 

47.1% 
25.3% 

28.8% 
82.0% 
24.5% 

Florida 
18,537,969 

16.0% 

15,982,839 
6.3% 

21.9% 

17.2% 
50.8% 

79.4% 
16.1% 
0.5% 
2.4% 

0.1% 
1.5% 

21.5% 
59.5% 

48.9% 
16.7% 

23.1% 
79.9% 
22.3% 



© Persons with a disability, age 5+, 2000 
© Mean travel time to work (minutes), workers age 16+, 2000 

310,454 
27.4 

3,274,566 
26.2 

© Housing units, 2009 
© Homeownership rate, 2000 
© Housing units in multi-unit structures, percent, 2000 

© Median value of owner-occupied housing units, 2000 

807,092 
69.5% 
47.5% 

$128,600 

8,852,754 
70.1% 
29.9% 

$105,500 

© Households, 2000 
© Persons per household, 2000 

© Median household income, 2008 
© Per capita money income, 1999 
© Persons below poverty level, percent, 2008 

Business QuickFacts 
© Private nonfarm establishments, 2008 

© Private nonfarm employment, 2008 
© Private nonfarm employment, percent change 2000-2008 
© Nonemployer establishments, 2008 

© Total number of firms, 2002 
© Black-owned firms, percent, 2002 
© American Indian and Alaska Native owned firms, percent, 2002 
© Asian-owned firms, percent, 2002 

© Native Hawaiian and Other Pacific Islander owned firms, percent, 
2002 

© Hispanic-owned firms, percent, 2002 

© Women-owned firms, percent, 2002 

© Manufacturers shipments, 2002 ($1000) 
© Wholesale trade sales, 2002 ($1000) 

© Retail sales, 2002 ($1000) 
© Retail sales per capita, 2002 
© Accommodation and foodservices sales, 2002 ($1000) 

© Building permits, 2009 
© Federal spending, 2008 

© Land area, 2000 (square miles) 
© Persons per square mile, 2000 

© FIPS Code 

654,445 
2.45 

$51,594 
$23,170 

12.0% 
Broward 
County 

56,937 

662,694 
7.0% 

189,782 

183,929 
12.0% 
0.6% 
3.4% 

S 

16.1% 

29.8% 

6,775,856 
35,028,568 

22,012,210 
$12,917 

2,799,987 

1,049 
10,457,025 
Broward 

, County 
1,205.40 
1,346.9 

Oi l 

6,337,929 
2.46 

$47,802 
$21,557 

13.3% 

Florida 
507,027' 

7,366,571' 
18.5%' 

1,608,887 

1,539,207 
6.6% 
0.6% 
2.7% 

0.1% 

17.3% 

28.4% 

78,474,770 
219,490,896 

191,805,685 
$11,498 

29,366,940 

35,329 
149,872,178' 

Florida 
53,926.82 

296.4 

12 
© Metropolitan or Micropolitan Statistical Area Miami-Fort 

Lauderdale-
Miami Beach, 

FL Metro Area 



1: Includes data not distributed by county. 

Download these tables - delimited | Download these tables - Excel | Download the full data set 

(a) Includes persons reporting only one race. 
(b) Hispanics may be of any race, so also are included in applicable race categories. 

D: Suppressed to avoid disclosure of confidentia! information 
F: Fewer than iOOfimis 
FN: Footnote on this item for this area in place of data 
NA: Not avaiiabie 
S: Suppressed; does not meet publication standards 
X: Not applicable 
Z: Value greater than zero but less than half unit of measure shown 

What do you think of QuickFacts? 

Source U.S. Census Bureau: State and County QuickFacts. Data derived from Population Estimates, Census of Population and Housing, 
Small Area Income and Poverty Estimates, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics, 
Economic Census, Survey of Business Owners, Building Permits, Consolidated Federal Funds Report 
Last Revised: Thursday, 04-Nov-2010 12:47:49 EDT 

Privacy Policy 2010 Census Data Tools Information Quality Product Cataloa Contact Us Home 



BR WARD 
Environmental Protection and Growth Management Department 
POLLUTION PREVENTION, REIWIEDIATION AND AIR QUALITY DIVISION 
One North University Drive, Suite 203. Plantation, Florida 33324 
954-519-1260 • Fax 954-765-4804 

April 27, 2011 

Mr. Andres Herrada 
Herrada Investments III, LLLP 
1500 West 21''Street 
Miami Beach, Florida 33140 

RE: Remedial Action Plan Modification (RAP Mod) 
Touch of Class Cleaners / Sun Village Plaza, 4583 North University Drive, LauderhiU, Florida 33351 
FDEP Facility ID No. 069602112, EAR License No. 763 

Dear Mr. Herrada: 

The Broward County Pollution Prevention, Remediation and Air Quality Division (Division) has reviewed the 
Remedial Action Plan Modification (RAP Mod) March 2, 2011 (received March 9, 2011) that was submitted by 
your consultant, Natural Resource Recovery Group, Inc. (NRRG), for the above referenced site. 

The RAP Mod was submitted in response to the Division's January 31, 2011 review letter (Review Letter). The 
Review Letter stated that you must submit a RAP Mod to remediate groundwater contamination and any 
contamination remaining in the smear zone. The Review Letter stated that if any groundwater sampling results 
indicated that contaminant concentrations were above Natural Attenuation Default Concentrations (NADCs), you 
must implement the RAP Mod at the site. The sampling results included in the RAP Mod indicated that the 
concentration of vinyl chloride in wel! MW-7 was 240 fxg/L, which is greater than the NADC of 100 |ig/L. 
Therefore you must implement the proposed RAP Mod, subject to the following comments and requirements: 

1. Please note that the RAP Mod does not include the groundwater elevations for the February 2011 sampling 
event. These elevations must be included and discussed in the next submittal. 

2. The RAP Mod states that the remediation system will be operated 4 hours per day for 5 days. NRRG has 
confirmed that this means the system will be operated 4 hours per day, 5 days per week until the remediation 
objectives are obtained. Please be aware that the remediation system must be operated until groundwater 
contamination concentrations are below Cleanup Target Levels (CTLs), and not merely NADCs, unless the 
Division specifically informs you otherwise. 

3. The RAP Mod proposes a groundwater sampling schedule of weekly for the first month, monthly for the next 
two months, quarterly for the next two years, and semiaimually thereafter. Please note that you will not be 
required to sample the Representative Wells (MW-1, MW-3, MW-6, and MW-7) more fi^equently than once per 
quarter, although you may sample more frequently if you wish to evaluate the contaminant concentrations. The 
Division will not commit to any long-terra monitoring schedule until after the first year of system operation and 
monitoring. 

4. You must contact the Broward County Air Section to determine if an Air Quality License is required before 
beginning operation ofthe remediation system. 

Broward County Board of County Commissioners 
Sue Gunzburger • Dale V.C. Holness • Kristin Jacobs • Chip LaMarca • ilene Lieberman • Stacy Ritter • John E. Rodstrom, Jr. • Barbara Sharief • Lois Wexler 

www.broward.org 

http://www.broward.org


Mr. Andres Herrada, Herrada Investments 111, LLLP 
April 27, 2011 
Page 2 of2 

You must begin operation ofthe proposed remediation system no later than June 27, 2011. Within 60 days ofthe 
start-up ofthe system (or no later than August 27, 2011), you must submit a start-up report in accordance with 
Section 62-780.700, F.A.C. Section 27-356(d)(4)c., Broward County Code, requhres that written notification be 
provided by the responsible party to the Division at least three working days prior to performing field activities at 
the referenced site. If any field work is conducted at this site without properly notifying the Division, additional 
enforcement actions and monetary penalties will be initiated against you and your consultant. 

Thc RAP Mod fulfills the requirements of Citation CITlO-0079. A compliance notification letter will be sent to you 
sepai'ately. If you have any questions or require additional information, please contact Paul Waite at 
(954) 519-1467 or pwaite@broward.org. 

Sincerely, 

POLLUTION PREVENTION, REMEDIATION AND AIR Qli^i^P^^&Il^g^Gjfe 

Paul Waite, P.E. 
Engineer II 

ec: Bassim Halwani, Natural Resource Recovery Group, Inc., Epa602(gjaol.com 
Enrique Saez, NRRG, enriquesaez(fesprintmail.com 
Al Monroe, Resolutions and Receiverships Specialist, Federal Deposit Insurance Corporation, amonroe@Mic.gov 

Broward County Board of County Commissiona's 
Sue Gunzburger • Dale V.C. Holness - Kristin Jacobs • Chip LaMarca • Ilene Lieberman • Stacy Ritter • John E. Rodstrom, Jr. • Barbara Sharief • Lois Wexler 

www.broward.org 

mailto:pwaite@broward.org
mailto:amonroe@Mic.gov
http://www.broward.org


Results for: 2009 

SUNRISE #1, CITY OF 

4350 SPRINGTREE DRIVE 
SUNRISE, FL 33321 

Public Water System ID: 4061410 
County: BROWARD 
DEP Regulatory Office: Broward Coimty Health Dept. 

780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primarj' Use: MUNICIPAL/CITY 
Population Served: 79345 
Size of Assessment Area: 
GROUND: For this community system, a 5-year grotmd water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which water will drain to a well pumping at the average daily permitted rate for a five year 
period of time. 
Number of Wells: 17 

Well ID Owner ID 
27697 

27702 

27705 
27694 

27704 

27706 
27707 

8542 

27698 
27699 

27701 

27703 
27709 

27695 

27708 
27696 

27700 

WELLNO. 10 

WELLNO. 15 

WELLNO. 18 
WELLNO. 3 

WELLNO. 17 

WELLNO. 19 
WELLNO. 20 

Status Well 
ACTIVE 77 

ACTIVE 107 

ACTIVE 125 
ACTIVE 115 

ACTIVE 125 

ACTIVE 118 
ACTIVE 120 

SUNRISE #1 WELL 2 ACTIVE 106 

WELLNO. 11 
WELLNO. 12 

WELLNO. 14 

WELLNO. 16 
WELL NO. 22 

WELLNO. 7 

WELLNO. 21 
WELLNO. 8 

WELLNO. 13 

ACTIVE 73 
ACTIVE 104 

ACTIVE 86 

ACTIVE 107 
ACTIVE 118 

ACTIVE 77 

ACTIVE 115 
ACTIVE 73 

ACTIVE 86 

Depth(ft) Aquifer 
SURFICL\L 

SURFICLA.L 

SURFICLVL 
SURFICIAL 

SURFICIAL 

SURFICLVL 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICLVL 
SURFICIAL 

SURFICIAL 



Results for: 2009 

TAMARAC (WEST), CITY OF 

7803 NW 61 ST 
TAMARAC, FL 33321 

Public Water System ID: 4061429 
County: BROWARD 
DEP Regulatory Office: Broward County Health Dept. 

780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primary Use: MUNICIPAL/CITY 
Population Served: 63270 
Size of Assessment Area: 
GROUND: For this community system, a 5-year ground water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which water will drain to a well pumping at the average daily permitted rate for a five year 
period of time. 
Number of Wells: 19 

Well 
ID 

27719 

27729 

27720 

8544 

27722 

27728 

27732 
27733 

27724 

27727 
27717 

27721 

27723 
27716 

Owner ID 

WELL NO. 5 

WELLNO. 15 

WELL NO. 6 
TAMARAC UTILITIES 
WELL NO. 1 
WELL NO. 8 

WELLNO. 14 

WELLNO. 18 
WELLNO. 19 

WELLNO. 10 

WELLNO. 13 
WELL NO. 3 

WELL NO. 7 

WELL NO. 9 
WELL NO. 2 

Well 
Status „ .. .*.. 

Depth(ft) 
ACTIVE 117 

ACTTVE 160 

ACTIVE 109 

ACTIVE 126 

ACTIVE 123 

ACTIVE 160 

ACTIVE 180 
ACTIVE 180 

ACTTVE 120 

ACTTVE 110 
ACTIVE 115 

ACTIVE 125 

ACTIVE 115 
ACTIVE 112 

Aquifer 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 



27718 WELL NO. 4 
27725 WELLNO. 11 
27726 WELLNO. 12 
27730 WELLNO. 16 
27731 WELLNO. 17 

ACTIVE 110 
ACTIVE 120 
ACTIVE 110 
ACTIVE 125 
ACTIVE 125 

SURFICIAL 
SURFICIAL 
SURFICIAL 
SURFICIAL 
SURFICIAL 

Results for: 2009 

LAUDERHILL, CITY OF 

2101 NW 49 AVE 
LAUDERHILL, FL 33313 

Public Water System ID: 4060787 
County: BROWARD 
DEP Regulator^' Office: Broward Coimty Health Dept. 

780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primary Use: MUNICIPAL/CITY 
Population Served: 55000 
Size of Assessment Area: 
GROUND: For this community system, a 5-year ground water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which water will drain to a well pumping at the average daily permitted rate for a five year 
period of time. 
Number of Wells: 7 

Owner ID 
Well 
ID 

27620 WELLNO. 4 
27623 WELLNO. 7 

LAUDERHILL WELL 
NO. 1 

27618 WELLNO. 2 

27619 WELLNO. 3 
27622 WELLNO. 6 

27621 WELLNO. 5 

Status 
Well 

Depth(ft) 
ACTIVE 154 
ACTIVE 142 

ACTIVE 111 

ACTIVE 111 
ACTIVE 154 
ACTIVE 121 
ACTIVE 115 

Aquifer 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 
SURFICIAL 
SURFICIAL 



Results for: 2009 

BCWWS IA 

3701 NSR 7 
LAUDERDALE LAKES, FL 33311 

Public Water System ID: 4060167 
County: BROWARD 
DEP Regulatory Office: Broward County Health Dept. 

780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primary Use: MUNICIPAL/CITY 
Population Served: 65971 
Size of Assessment Area: 
GROUND: For this community system, a 5-year ground water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which water will drain to a well pumping at the average daily permitted rate for a five ye^" 
period of time. 
Number of Wells: 9 

Well 
ID 

27545 

8479 

27547 

27540 

27542 

27544 

27546 

27541 

Owner ID 

BCWWS-
NO. 7 
BCWWS-
NO. 1 
BCWWS-
NO. 9 
BCWWS-
NO. 2 
BCWWS-
NO. 4 
BCWWS-
NO. 6 
BCWWS-
NO. 8 
BCWWS-
NO. 3 

1A WELL 

1A WELL 

1A WELL 

1A WELL 

1A WELL 

1A WELL 

1A WELL 

1A WELL 

Well 
Status „ .Lu/iVA Aquifer 

Depth(ft) ^ 

ACTIVE 100 SURFICIAL 

ACTIVE Not Available SURFICIAL 

ACTIVE 142 

ACTIVE 100 

SURFICIAL 

SURFICIAL 

ACTIVE Not Available SURFICIAL 

ACTIVE 200 

ACTIVE 142 

SURFICIAL 

SURFICIAL 

ACTIVE Not Available SURFICIAL 



BCWWS-1 A W F I I 
27543 f,^^ ACTIVE 94 SURFICIAL 

NO. 5 

Results for: 2009 

NORTH LAUDERDALE, CITY OF 

701 SW71 AVE 
NORTH LAUDERDALE, FL 33068 

Public Water System ID: 4060976 
County: BROWARD 
DEP Regulatory Office: Broward County Health Dept. 

780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primarj ' Use: MUNICIPAL/CITY 
Population Served: 28220 
Size of Assessment Area: 
GROUND: For this community system, a 5-year ground water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which water will drain to a well pumping at the average daily permitted rate for a five year 
period of time. 
Number of Wells: 3 

Well Well 
_„ Owner ID Status „ ,̂ .„ .̂ Aquifer 
ID Depth(ft) ^ 

27636 WELLNO. 3 ACTIVE 126 SURFICIAL 

8525 NORTH LAUDERDALE ACTIVE 129 SURFICIAL 
WLLL# I 

27635 WELLNO. 2 ACTIVE 128 SURFICIAL 

Results for: 2009 

PLANTATION, EAST & CENTRAL 

400 NW 73 AVE 
PLANTATION, FL 33317 

Public Water System ID: 4061121 
County: BROWARD 
DEP Regulatory Office: Broward County Health Dept. 



780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primary Use: MUNICIPAL/CITY 
Population Served: 92002 
Size of Assessment Area: 
GROUND: For this community system, a 5-year ground water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which w'ater will drain to a well pumping at the average daily permitted rate for a five year 
period of time. 
Number of Wells: 16 

WeU 
ID 

27652 

27645 

27653 
27647 

8531 

27649 

27641 

27654 
27642 

27650 

27644 
27646 

27651 

27643 

8532 

27648 

Owner 

WELL NO. 6 

WELL NO. 6 

WELL NO. 7 
WELL NO. 8 

PLANTATION 
WELL NO. 1 

WELL NO. 3 

WELL NO. 2 

WELL NO. 8 
WELL NO. 3 

WELL NO. 4 

WELL NO. 5 
WELL NO. 7 

WELL NO. 5 

WELL NO. 4 

ID 

(EAST) 

PLANTATION 
(CENTRAL) WELL 1 
WELL NO. 2 

Well 
Status „ -. .̂ -̂  

Depth(ft) 
ACTIVE 140 

ACTIVE 117 

ACTIVE 140 
ACTIVE 130 

ACTIVE 125 

ACTIVE 140 

ACTIVE 125 

ACTIVE 140 
ACTIVE 125 

ACTIVE 140 

ACTIVE 130 
ACTIVE 130 

ACTIVE 140 

ACTIVE 125 

ACTIVE 140 

ACTIVE 140 

Aquifer 

SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

Results for: 2009 

FORT LAUDERDALE, CITY OF 

4321 NW 9 AVE 
FT LAUDERDALE, FL 33309 



Public Water System ID: 4060486 
County: BROWARD 
DEP Regulatory Office: Broward County Health Dept. 

780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primary Use: MUNICIPAL/CITY 
Population Served: 172680 
Size of Assessment Area: 
GROUND: For this community system, a 5-year ground water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which water will drain to a well pumping at the average daily permitted rate for a five year 
period of time. 
Number of Wells: 35 

WeU 
ID 

28035 

28039 

23364 

23368 

23358 

23371 

23380 

28053 

23362 

23376 

23377 

28038 
28048 
8503 

23357 

23363 

Owner ID 

PEELE-DIXIE WELL 4 

PEELE-DIXIE WELL 8 

FORT LAUDERDALE 
WELL 34 

FORT LAUDERDALE 
WEEL 38 

PROSPECT WELL 28 

FORT LAUDERDALE 
WELL 41 

FORT LAUDERDALE 
WELL 49 

PEELE-DIXIE WELL 24 
FORT LAUDERDALE 
WELL 32 
FORT LAUDERDALE 
WELL 45 
FORT LAUDERDALE 
WELL 46 
PEELE-DIXIE WELL 7 

PEELE-DIXIE WELL 17 

PROSPECT WELL 25 
PROSPECT WELL 27 

FORT LAUDERDALE 
WELL 33 

Well 
Status „ -./*-^ 

Depth(ft) 
ACTIVE 125 

ACTIVE 104 

ACTIVE 100 

ACTIVE 102 

ACTIVE 101 

ACTIVE 95 

ACTIVE 95 

ACTIVE 115 

ACTIVE 100 

ACTIVE 95 

ACTIVE 98 

ACTIVE 123 
ACTIVE 125 
ACTIVE 150 
ACTIVE 120 

ACTIVE 100 

Aquifer 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 
SURFICIAL 
SURFICIAL 

SURFICIAL 



23375 

28042 

23372 

23378 

28049 

28054 

23356 

23366 

23367 

23369 

23370 

28036 

28040 

28043 

28055 

23360 

23361 

23379 

23374 

FORT LAUDERDALE 
WELL 44 
PEELE-DIXIE WELL 11 

FORT LAUDERDALE 
WELL 42 

FORT LAUDERDALE 
WELL 47 

PEELE-DIXIE WELL 18 
PEELE-DIXIE WELL 25 

PROSPECT WELL 26 

FORT LAUDERDALE 
WELL 36 

FORT LAUDERDALE 
WELL 37 

FORT LAUDERDALE 
WELL 39 

FORT LAUDERDALE 
WELL 40 

PEELE-DIXIE WELL 5 
PEELE-DIXIE WELL 9 

PEELE-DIXIE WELL 12 

PEELE-DIXIE WELL 26 

FORT LAUDERDALE 
WELL 30 

FORT LAUDERDALE 
WELL 31 

FORT LAUDERDALE 
WELL 48 

FORT LAUDERDALE 
WELL 43 

ACTIVE 90 

ACTIVE 126 

ACTIVE 91 

ACTIVE 96 

ACTIVE 125 
ACTIVE 115 
ACTIVE 144 

ACTIVE 98 

ACTIVE 98 

ACTIVE 98 

ACTIVE 90 

ACTIVE 99 
ACTIVE 117 
ACTIVE 126 
ACTIVE 118 

ACTIVE 108 

ACTIVE 108 

ACTIVE 96 

ACTIVE 90 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 
SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 

Results for: 2009 

CORAL SPRINGS IMPROVEMENT DIST 

10300 NW 11 MANOR 
CORAL SPRINGS, FL 33065 

Public Water System ID: 4060291 
County: BROWARD 



DEP Regulatory Office: Broward County Health Dept. 
780 S.W. 24th St. 
Ft. Lauderdale, FL 33315 
954-467-4846 

Public Water System Type : COMMUNITY 
Public Water System Source : GROUND 
Primarj' Use: SUBDIVISION 
Population Served: 40000 
Size of Assessment Area: 
GROUND: For this community system, a 5-year ground water travel time around each well was 
used to define the assessment area. The 5-year ground water travel time is defined by the area 
from which water will drain to a well pumping at the average daily permitted rate for a five year 
period of time. 
Number of Wells: 10 

Well ID 
27596 

30698 

27595 
27597 

27598 

30697 
8490 

27594 

30699 

30700 

Owner ID 
CSID WELL 5 

CSID WELL 9 

CSID WELL 4 
CSID WELL 6 

CSID WELL 7 

CSID WELL 8 
CSID WELL 1 

CSID WELL 3 

CSIDWELLIO 

CSIDWELLll 

Status 
ACTIVE 

ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 

ACTIVE 
ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 

WeU Depth(ft) 
140 

140 

120 
120 

120 

140 
105 

105 

140 

140 

Aquifer 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 
SURFICIAL 

SURFICIAL 

SURFICIAL 

SURFICIAL 




